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DEDICATED ‘TO 
HERBERT JOHN WEBBER 
and 


WALTER TENNYSON SWINGLE 


who together entered an unknown horticultural 
wilderness at Eustis, Florida, in 1892 to help es- 
tablish the foundations of modern citrus research. 


HERBERT JOHN WEBBER 
(1865-1946) 


“I put under the microscope a slide of sec- 
tions through the developing pollen tubes, and 
there before my eyes was a dividing generative 
nucleus, with the largest and finest ‘centrosomes’ 
that mortal man had ever seen, at each polar 
end of the nucleus. I almost literally hit the ceil- 
ing, and yelled for Swingle, who came rushing in 
thinking that the cyanide jar had broken .. . He 
looked, and then we both danced about almost 
shouting ...” 


Thus Herbert John Webber described his 
reaction—after weeks of study—to the key step 
in the discovery of free-swimming sperm cells in a 
higher plant, the Zamia, the most dramatic aspect 
of a breakthrough in nineteenth century botani- 





cal research on reproduction which he was for- 
ever to consider the crowning triumph of his 
scientific career. * . 

That discovery illustrates two facets of 
Webber’s character: skepticism and zest. The 
discovery, which ran counter to accepted scien- 
tific belief of the period, was made in the face of 
cold disapproval from fellow botanists because 
Webber tenaciously refused to submit to views 
not oe in experimental research. And it 
was his zest—and eagerness to know more—that 
sustained him through repeated months of futile 
research effort. 

Herbert John Webber, one of America’s 
great pioneers in citrus research, was born on a 
farm in Lawton, Michigan, on December 27, 


WALTER TENNYSON SWINGLE 
(1871-1952) 


“To be told when and where he was born, 
at Canaan, Pennsylvania, in 1871, and when and 
where he died, January 1952, in Washington, 
D.C., is of less importance than to know that he 
lived and inspired more agricultural botanists 
than any one other man.” —WILLIAM SEIFRIZ 


In 1892, a young plant pathologist from 
the U.S. Department of Agriculture set out for 
Eustis, Florida, to determine what was ailing Mrs. 
Tom Platt’s orange trees. In a postcard to a col- 
league in Washington, D.C., he wrote that an 
orange tree looked “something like an oak with 
bright yellow fruits hanging from its branches.” 

This was perhaps the most ingenuous re- 
mark ever made about citrus by Walter Tennyson 
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Swingle, who legend insists emerged from his 
first entry into a citrus grove with the Minneola 
tangelo. Almost immediately, Swingle established 
a laboratory at Eustis, and started hybridizing 
all the kinds of citrus then known. During the 
next five years, Swingle and his associate, Dr. 
Herbert John Webber, conducted much of the 
pioneer research that forms the foundation of 
our present knowledge of citrus. In their numer- 
ous bulletins and papers of this period, many 
citrus diseases are first named and described; 
from their hybridization studies came such new 
groups of citrus as tangelos (including the Min- 
neola) and citranges. 

Walter T. Swingle was born on a farm 
in Wayne County, Pennsylvania, on January 8, 


1865, and grew up on a prairie farm near Mar- 
shalltown, Iowa. He determined at an early age 
to become a lawyer and in 1883 entered the 
University of Nebraska with that objective. 

His early college days were undistin- 
guished until he took a part-time job in the 
university’s herbarium, where he came under the 
influence of the famed botanist, Dr. Charles E. 
Bessey. Webber was often to recall that a chance 
remark he made to Bessey one afternoon led to 
an impromptu lecture that “marked an epoch in 
my life, never to be forgotten . . . I decided to 
study botany.” | 

Accompanied by a seasoned plainsman, 
Webber ranged through the wilds of northern 
Nebraska in 1889, collecting specimens for his 
first important publication, a catalogue of some 
1,900 species of the flora of Nebraska. That same 
year he received his Bachelor of Science degree 
from the University of Nebraska, followed by 
his Master's in 1890. 

He began doctoral work at Washington 
University, St. Louis, but in 1892, as a result of 
his first meeting with his lifelong associate Wal- 
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1871, and received his early schooling at home. 
His first scientific paper—on rust of cereals—was 
delivered at the age of sixteen before a college 
scientific society. In 1890, he was awarded the 
Bachelor of Science degree from Kansas State 
Agricultural College, followed by the Master of 
Science degree in 1896, and the Doctor of Science 
degree in 1922. He studied with Strasburger at 
the University of Bonn in 1895-96, and spent a 
year with Pffeffer at the University of Leipzig in 
1897, thereafter throughout his life maintaining 
contact with European thought and research. 

In 1891, he joined the newly formed Divi- 
sion of Vegetable Pathology of the U. S. Depart- 
ment of Agriculture, concentrating on the pathol- 
ogy and breeding of citrus until 1898, when he 
became an agricultural explorer for the depart- 
ment, making many trips to study agriculture and 
botany in southern Europe, North Africa, the 
Near East, China, Japan and the Philippines. 
Incident to these travels, he introduced a wealth 
of citrus species, varieties, and relatives to the 
United States. 





ter T. Swingle, he broke off study to accept a 
position as special agent of the newly created 
Vegetable Pathology Division of the U.S. De- 
partment of Agriculture. 

In a field laboratory at Eustis, Florida, 
Webber began the joint research with Swingle 
that was to continue over a period of half a 
century. Out of their Florida years from 1892-97 
came innumerable findings that were to stimu- 
late the nation’s citrus industry and assist grow- 
ers. In the course of his citrus studies, Webber 
found time for the cytological research on the 
Zamia plant that led to his receiving the Ph.D. 
from Washington University in 1901—and an 
invitation to speak before the British Association 
for the Advancement of Science. 

In 1897, Webber’s headquarters were 
transferred to Washington, D.C., where he be- 
came physiologist in charge of the newly 
established laboratory of plant breeding. While 
there he was one of the first men in this country 
to recognize the implications of the rediscovered 
work of Mendel. His citrus research continued, 
but he also undertook work in cotton breeding, 
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During his first year in the new post, 
Swingle introduced the fig insect (Blastophaga) 
from Algeria to California, rendering possible the 
successful culture of figs of the Smyrna type. 
An 1899 attempt to introduce date culture to the 
United States failed, but in 1900 Swingle re- 
turned to Algeria and from French plantations 
secured 405 offshoots of the Deglet Noor and 
Rhars varieties. In cooperation with the Arizona 
Agricultural Experiment Station, they were suc- 
cessfully introduced at Tempe, Arizona. Under 
Swingle’s direction, the U. S. Date Garden at 
Indio, California, a center of date research from 
then on, was established in 1907. An outgrowth 
of this period was the publication of his classical 
work on the culture of the date. 

Later, as head of the Office of Crop Physi- 
ology and Breeding Investigation, Dr. Swingle 
took charge of federal research on citrus, dates, 
and other subtropical fruits. He saw the applica- 
bility of every branch of science that might throw 
light on biological problems. His energy was phe- 
nomenal, his enthusiasm boundless, and it was 
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and the series of Webber cottons which have 
descended from his Columbia variety have be- 
come famous staple types. 

Accepting a call from Cornell University in 
1907, Webber took over as head of the new de- 
partment of experimental breeding, where he 
concentrated on breeding timothy and corn, one 
of his dent corn varieties still being extensively 
grown. From 1909 to 1910 he served as acting 
director of the New York State College of Agri- 
culture and Agricultural Experiment Station. 

In late 1912, Webber accepted the post of 
first director of the University of California Citrus 
Experiment Station (now the Citrus Research 
Center) and dean of the Graduate School of 
Tropical Agriculture. He arrived in Riverside, 
California, in July, 1913, where he was instru- 
mental in the final selection of a site and directed 
construction of buildings for the new institution. 

In establishing the station, Webber insisted 
that in matters of research it should have auton- 
omy, and he was to apply this same concept to 
those working under him. Dr. Leo J. Klotz, the 
plant pathologist, recalls Webber's first words 


never possible for his staff to carry out all his 
suggestions. Even in his vast worldwide corre- 
spondence with other scientists, he was forever 
presenting new aspects of problems they had 
overlooked. His visionary ideas stimulated a 
whole generation of botanists, physiologists, and 
subtropical horticulturists. 

Dr. Swingle was responsible for introduc- 
ing many new crop plants in the United States, in- 
cluding alkaloid-yielding species of Ephedra and 
tung, the source of oil used in varnish. He first 
proposed the technique for “rejuvenating” citrus 
varieties by growing nucellar seedlings. This 
technique was used to produce most of the 
vigorous, virus-free nucellar clones of commer- 
cial citrus varieties now being planted through- 
out the principal citrus-growing regions of the 
world. He was the first to call attention to the 
threat of the tristeza virus in this country. He 
invented improvements for the microscope, con- 
tributed to a better understanding of cell struc- 
ture in plants, expanded the ecological knowl- 
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after his employment. “Klotz, you can work on 
anything you want,” he said, and then added, 
“But I hope you'll work on something that helps 
the growers.” This philosophy of approach, a 
sound administrative policy, and a keen eye 
for selecting staff members of outstanding scien- 
tific talent were to set the tone of the Citrus 
Experiment Station and play an immeasurab‘e 
role in establishing its present stature. 

In 1919, Webber became director of the 
California Agricultural Experiment Station, cen- 
tered in Berkeley, but still retained general direc- 
tion of the Citrus Experiment Station. For a brief 
period from 1920 to 1921, he entered private 
industry to specialize in cotton breeding. But in 
October, 1921, he returned to the University of 
California as professor of subtropical horticul- 
ture and director of the Citrus Experiment Sta- 
tion. From then until 1926, his headquarters were 
established in Berkeley, and during the period 
of 1923-24 he served as acting dean and director 
of the College of Agriculture. In 1925 at the re- 
quest of the South African government, Webber 
made a study of that country’s citrus problems 
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edge of the American southwest, and advanced 
the usage of ultraviolet photography. 

Merely incidental to his major works was 
an undertaking that might have occupied the 
lifetime of an average scholar. While in China, 
his efforts resulted in the Library of Congress 
acquiring over 100,000 volumes of Chinese works, 
the richest collection outside the Orient. 

In 1941, Dr. Swingle retired from the 
U.S. Department of Agriculture, becoming a con- 
sultant on tropical botany at the University of 
Miami. In 1943, Swingle’s half-century of pio- 
neer labor on citrus was climaxed by the publi- 
cation of The Botany of Citrus and Its Wild 
Relatives of the Orange Subfamily, which is the 
revised Chapter 3 of this volume. It was the first 
attempt in taxonomic botany to get together all 
the information regarding a single cultivated 
species—and even now, more than two decades 
later, it remains a monumental work, character- 
ized throughout by the style and enthusiasms of 
its author. 


that led to the establishment of the Subtropical 
Horticultural Experiment Station at Nelspruit. 

In 1926, Webber again moved to Riverside 
to be more closely in touch with the Citrus Ex- 
periment Station, where he continued as director 
until 1929, when he retired to devote more time 
to research, much of it in these later years center- 
ing around the guava. In 1936, he retired from 
active service with the university. 

Dr. Webber was the author of more than 
300 monographs and papers from 1886 to 1946. 
He was a contributor to Bailey’s Cyclopedia of 
American Horticulture and served as agricultural 
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editor for Funk and Wagnall’s New Standard 
Dictionary. In the final years of his long, pro- 
ductive life, his citrus work culminated in the 
publication of the first edition of The Citrus In- 
dustry, which he edited with Dr. L. D. Batchelor 
and to which he contributed four chapters in 
Volume I and three chapters in Volume II. These 
volumes, which became the “Bible of the citrus 
industry,’ have had a worldwide influence on 
citrus culture and have contributed greatly to 
the preeminent reputation of the University of 
California Citrus Research Center and Agricul- 
tural Experiment Station. 
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PREFACE 





For two decades The Citrus Industry, pub- 
lished in two volumes, has been the standard 
reference work on the biology and culture of 
citrus throughout the world. It was one of the 
first works to deal comprehensively with a single 
et and it has had an enormous impact on the 
technology of citrus production. 

The first volume, History, Botany, and 
Breeding, edited by H. J. Webber and L. D. 
Batchelor, was published by the University of 
California Press in 1943. The supply was soon 
exhausted and a second printing of that initial 
volume was published in 1946, followed by a 
third | aren: in 1948. A larger printing of the 
second volume, Production of the Crop, edited 
by L. D. Batchelor and H. J. Webber, was pub- 
lished in 1948 by the University of California 
Press. Thus, as this is written, the information 
in the original volumes is somewhere between 
twenty and twenty-five years old, if one allows 
about two years for review, revision, editing, and 
printing. 

During the past twenty-five years, the 
production of citrus in the United States has 
almost doubled (there are now more citrus trees 
in this country than all other fruit trees com- 
bined). Similar expansions in citrus production 
have taken place in many of the other principal 
citrus-growing countries of the world. During 
this period, a parallel increase has occurred in 
the tempo of citrus research. In the United States 
and some other countries, the two decades fol- 
lowing World War II were years of unprece- 
dented expansion of the support for scientific 
research and development in general. The forces 
of increased production and accelerated research 
have greatly stimulated not only the develop- 
ment of new citrus technology, but also the har- 
vest of new, basic, scientific knowledge. 

Many sections of the original volumes of 
The Citrus Industry have been rendered obsolete. 
Some new areas of basic knowledge and tech- 
nology have arisen that were merely touched 


Google 


upon, or not even considered in the original 
volumes. Thus, by the time that supplies of the 
original volumes e exhausted (about 1961), 
it was clear that a substantial revision and expan- 
sion was required, rather than further printings 
of unrevised editions. Yielding to pressures from 
Dean A. M. Boyce and other colleagues, I agreed 
to serve as editor for a new, revised edition. 
Accordingly, Citrus Research Center and Agri- 
cultural Experiment Station Project 2015 was 
initiated July 21, 1961 for “Revision of the pub- 
lications, The Citrus Industry, Volumes I and II.” 

Material covered in the original Volume I 
has been expanded to such an extent that it was 
necessary to divide it into two volumes. Thus, 
revised Volume I considers only history, world 
distribution, botany, and varieties. Revised Vol- 
ume II will encompass morphology and anatomy, 
physiology, climatic influences, mineral nutrition, 
genetics, ae and seed reproduction. Vol- 
ume III will deal with the technology of citrus 
culture. It will include sections on rootstocks, 
fertilization, leaf analysis, soil management, plan- 
ning and planting an orchard, ade a pa prun- 
ing, thinning, girdling, plant growth regulators, 
frost protection, irrigation, and chemical weed 
control. Volume IV of this new edition of The 
Citrus Industry will cover pests and diseases of 
citrus. This final volume will include sections on 
the biology and control of seedbed, nursery, and 
orchard diseases, virus diseases, post-harvest dis- 
eases, chewing insects, mites, scales, thrips, 
aphids, snails, nematodes, and rodents. Other 
chapters will deal with the replant problem, bio- 
logical control of insects, budwood certification, 
and quarantine problems. 

This is a University of California publica- 
tion, and most of the senior authors of chapters in 
this four-volume series are members of the staff 
of the University of California. The majority are 
closely affiliated with the Citrus Research Center 
and Agricultural Experiment Station at Riverside. 
The general outlook and treatment of subject 
matter in some chapters for this reason tends 
inevitably at times to reflect a somewhat regional 
outlook. 

However, increased published information 
from other areas of the world and improved trans- 
portation and communications have provided the 
authors with a broader base of information and 
experience than was available to the contributors 
to the original volumes. A special effort was also 
made to expand coverage of the technology of 
citrus production by stimulating authors to visit 


other important producing areas and, in a few 
cases, to collaborate with key colleagues affiliated 
with the U. S. Department of Agriculture or the 
University of Florida. In the technology sections, 
an effort was made to focus on basic principles 
underlying practices and to devote less emphasis 
to details of current practices, which rapidly be- 
come outdated anyway. 

In preparing some of the topics included 
in the original volumes, authors were requested 
either to revise material or rewrite completely, 
depending on the extent of development of knowl- 
edge and technology in the area since the pre- 
vious publications. Most of the chapters in the 
four volumes of this new edition have been com- 
pletely rewritten. A few of the chapters in Vol- 
umes I and II, however, have been revised, re- 
flecting areas in which advances have been less 
rapid in the past two decades. 

On some subjects, where it was obvious 
that considerable advances had taken place, ug 
ics previously covered in one chapter were su 
divided into two or more chapters to provide 
better coverage and, in a few instances, to take 
advantage of the special competence of certain 
authors. Relatively new areas of technology, 
judged to be worthy of separate new chapters, 
were assigned to the most competent authorities 
available. All authors were is laa to prepare 
a comprehensive review, evaluation, and syn- 
thesis of knowledge on their assigned subject 
with the objective of providing a reference work 
useful not only to their colleagues in the research 
and teaching fields, but also to students, technical 
advisors, intelligent growers, and others having 
an interest in the citrus industry. 

The four chapters in this first revised vol- 
ume are all concerned with topics covered in 
Volume I of the original publication. It seems 
appropriate to mention briefly some of the major 
changes or revisions in the material presented 
here. 

In Chapter 1, which deals with the history 
of citrus culture, minor inaccuracies have been 
corrected that were brought to light by recent 
research. The scholarly findings of Tolkowsky, 
Isaac, Andrews, and a ea bearing on the dates 
and routes of introduction of the various citrus 
species to the Mediterranean and elsewhere, have 
been integrated into the text. Brief sections on 
the early Gira of citrus research and on recent 
developments in the citrus industry have been 
added. 

At the time H. J. Webber prepared his 
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original chapter, “The Commercial Citrus Regions 
of the World,” statistical and other information 
on citrus culture was quite limited in all but a 
few of the citrus-growing countries. The much 
extended treatment in Chapter 2 by J. Henry 
Burke provides information on many of the 
smaller but significant citrus-growing countries. 
This improved coverage was made possible by 
better statistical reporting, reinforced by Burke's 
first-hand surveys in most of the citrus areas of 
the free world during the period from 1948 to 
1965. 

The material presented in Chapter 3, “The 
Botany of Citrus and Its Wild Relatives of the 
Orange Subfamily,” has been reprinted without 
major revisions. In reviewing it, P. C. Reece added 
some material from pertinent recent references 
although some recent progress or otherwise in- 
conclusive reports were omitted. The discussion 
on the Citrus species concept was strengthened 
in the light of modern theories. Reece also added 
a very useful detailed tabular comparison of 
the major systems of classification within the 
genus Citrus. However, W. T. Swingle’s original 
taxonomic system remains intact, reflecting in 
part the lack of support for this important area 
of research in the past two decades. Editorial 
changes included the correction of extensive 
bibliographical omissions, the addition of im- 
proved or new illustrations, modernization of the 
synonomy, and incorporation as far as possible 
of the recommendations of the 1956 International 
Code of Botanical Nomenclature and the 1961 
International Code of Nomenclature for Culti- 
vated Plants. 

The scope of treatment of the “Cultivated 
Varieties of Citrus” considered in H. J. Webber's 
original chapter has been greatly expanded by 
R. W. Hodgson in his completely new Chapter 4, 
“Horticultural Varieties of Citrus.” A far more 
comprehensive coverage was attempted of both 
the commercial varieties grown in the United 
States and of those grown in the major citrus 
producing countries around the world. Thus, de- 
scriptions of about 350 citrus varieties are included 
in Hodgson’s treatment, while Webber described 
only about 200 varieties. In addition, Hodgson 
has given more emphasis to the horticultural 
characteristics of varieties. 

The system of taxonomic classification fol- 
lowed by R. W. Hodgson is that of T. Tanaka 
rather than that presented by W. T. Swingle in 
Chapter 3. The Tanaka system is based largely 
on a pragmatic, utilitarian viewpoint, while Swin- 


Xll 


gle oe to base his system primarily on 
genetic relationships. Both viewpoints have va- 
lidity, considering the present status of knowl- 
edge on this problem. Thus, no attempt is made 
to reconcile these divergent viewpoints in this 
volume. Indeed, they reflect the current situation 
in citrus literature. Hopefully, future research will 
provide greater insight into the species problem 
in citrus and ultimately a generally accepted 
system of classification will evolve. 

I am greatly indebted to the revising au- 
thors of the chapters in this volume for their 
wholehearted cooperation and forebearance 
throughout the always time-consuming and often 
tedious or even downright exasperating process 
of progressing from the first submitted draft 
through numerous reviews, revisions, “final” edit- 
ings, and proofings. All who were consulted in 
the review and editing of the manuscripts or who 
contributed in other ways cannot be mentioned 
here: the list would be long and incomplete. 
However, I would be remiss if I did not list those 
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GHAPTER 1 


History and Development of the 


Citrus Industry 


tee VARIOUS SPECIES of the genus Citrus are all 
believed to be native to the subtropical and tropi- 
cal regions of Asia and the Malay Archipelago, 
and to have spread from there to other sections 
of the world. They have been cultivated from 
remote ages, and prototype forms of the most 
important species are not definitely known. 


ORIGIN OF CITRUS 


Comparatively little change has been re- 
quired to develop our best present-day varieties 
from fruits of the most primitive types. It is true 
that the Washington navel and Valencia oranges 
are larger and superior in quality to most sweet 
orange seedlings, which doubtless represent a 
more primitive type. Nevertheless, in the absence 
of improved varieties, the fruits of these seedlings 
are quite acceptable. It is likely, therefore, that 
the citrus fruits which first attracted the attention 
of primitive peoples were already highly devel- 
oped through the processes of natural evolution. 
They were thus chosen as fruits worthy of culti- 
vation, and presumably the crude selection of the 
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best individuals for propagation had been going 
on for many centuries before any type came to be 
cultivated in European countries. 

The history of the spread of citrus reads 
like a romance.’ Even in very early times the 
beautiful appearance of both tree and fruit at- 
tracted the attention of travelers and received 
mention in their written narratives. The spread 
of the genus, however, from one part of the world 
to another was very slow. 

Curiously, the first member of the group 
to become known to European civilization was 
the citron, mentioned about 310 B.c. -by Theo- 
phrastus. For several hundred years this was the 
only citrus fruit known. Then came in order, but 
possibly centuries apart, the sour orange, the 
lemon, and the sweet orange. As far as preserved 
literature indicates, this last species was not 
known in Europe until approximately 1400 a.p., 
about seventeen centuries later than the citron. 
However, on the basis of careful examination of 
a Pompeian tile mosaic, Tolkowsky (1938) pre- 
sented strong evidence that the orange tree— 


1 As given in this chapter, the early history of the introduction and spread of the different Citrus species into 
European countries has been derived largely from Georges Gallesio, Traité du Citrus (Paris, 1811), and S. Tolkowsky, 
Hesperides. A History of the Culture and Use of Citrus Fruits (London, 1938). Free use has been made of The Florida 
Agriculturist’s translation of Gallesio, entitled Orange Culture. A Treatise on the Citrus Family, by Georges Gallesio 
(Jacksonville, Florida, 1876). References to authors cited by Gallesio and Tolkowsky may be obtained from their 
works, Because of frequent reference to both authors, citation of the dates of their works is sometimes omitted after a 


series of references. 
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possibly of the sweet variety—was grown in Italy 
prior to the destruction of Pompeii in 79 a.p. 
He suggested that while the orange tree was 
cultivated at that period, it neither blossomed 
nor, consequently, bore fruit. A tile floor mosaic 
found in a Roman villa near Tusculum (modern 
Frascati) indicates that soon thereafter lemons 
and limes were also known in Italy. Eventually, 
Tolkowsky believes Italian gardeners succeeded 
in obtaining fruits from their citrus trees. From 
a vaulted ceiling mosaic in Rome, designed about 
330 a.v. for Constantine the Great, Tolkowsky 
adduces “unassailable proof of the fact that in 
fourth century Italy oranges and lemons were 
actually grown.” 

It is now known that the sweet orange had 
been grown for many centuries in China and had 
apparently reached an advanced stage of cultiva- 
tion before it became known to Europeans. Little 
information is available relative to the ancient 
Chinese literature, but there is indication that it 
may contain many references to sweet and man- 
darin oranges, and to various other citrus fruits. 
Han Yen-chih, in his Chii lu, written in 1178 a.p. 
and translated into English by Hagerty (Mono- 
graph on the Oranges of Wén-chou, Chekiang, 
1923), named and described some twenty-seven 
varieties of sweet, sour, and mandarin oranges. 
He also described citrons, kumquats, and the 
trifoliate orange and discussed nursery methods, 
grove management, and diseases. 

On the basis of statements in this work, 
the oldest existing book on the orange, it is safe 
to assume that oranges have been mentioned and 
discussed in Chinese literature since the time of 
Ch’u Yuan, who in his first poem, called “Li Sao” 
or “Falling into Trouble,” mentioned many plants, 
trees, and fruits of that period (314 B.c.). This was 
approximately contemporaneous with the first 
mention of citrus fruits in European literature by 
Theophrastus (ca. 372-287 B.c.). 

Doubtless many much older references to 
oranges may he found in ancient Chinese manu- 
scripts and documents. The earliest reference to 
any citrus fruit to which attention has thus far 
been directed is contained in the book “Yu Kung” 
or “Tribute of Yu” (the Emperor Ta Yu, who 
reigned from 2205 to 2197 B.c.), where the state- 
ment was made, “The baskets were filled with 
woven ornamented silks. The bundle contained 
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small oranges and pummeloes.”? 


2 James Legge, The Chinese Classics (London: Tribner . 
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Purported evidence also has been found 
indicating that the citron was known in Egypt 
long before the reference to it by Theophrastus, 
though it is not considered to be a native of that 
country. Sirag-el-Din stated (1931, p. 61): 


This species has been known in Egypt since the 
time of the Pharoes, as a model in the Louvre Museum, 
which was taken from a Pharo-tomb of the twelfth cen- 
tury B.c. proves. There is also a previous proof to that in 


_the form of a picture found in Karnak temple, which goes 


back to the fifteenth century s.c. It is thought that it was 
brought to Egypt by Tohotmas III during his wars in 
Asia. Another very important proof is the word Gitri in 
the Coptic language, which was taken from the hiero- 
glyphic language and means sour fruit. [See also V. Loret, 
La flore pharaonique (Paris, 1887), p. 47.] 


Tolkowsky (1938) finds such evidence of 
the antiquity of the citron in Egypt unconvincing 
and asserts that it relies on doubtful identifica- 
tions. He notes that even the French archaeolo- 
gist Victor Loret was forced to admit that the 
wall-paintings at Karnak were not very clear. 
Andrews (1961) agrees that evidence for early 
establishment of the citron in Egypt is very weak. 

Still more remote is the evidence cited by 
Killermann (1916) of the finding of seeds in the 
excavation of the Sumerian ruins of old Nippur 
in southern Babylonia which V. Frimmel was 
able to identify as citron seeds. As these rujns 
date back to about 4000 B.c., Killermann ae 
gested that the citron was known and possibly 
used in Mesopotamia in that very ancient period. 

However, Tolkowsky (1938) pointed out 
that the period to which these seeds belong can- 
not be precisely dated. Furthermore, he empha- 
sized that their presence in Nippur does not nec- 
essarily indicate that the tree from which they 
came was cultivated in Babylonia at the time. If 
the citron tree had grown there on a limited scale 
in ancient times, Tolkowsky believed it would 
have been a common tree during Alexander the 
Great’s conquest in the late fourth century B.c. 
Since Greek botanists accompanying Alexander 
reported the citron was grown only in Persia and 
Media, Tolkowsky disavows as inconclusive pres- 
ent evidence of the great antiquity of citrus fruits 
in Mesopotamia, Palestine, and Egypt, which is 
still further west. 

Tolkowsky is of the opinion that the first 
attempts to grow the citron tree in Mesopotamia 
were the work of Alexander’s botanical experts. 
The citron tree was then introduced throughout 
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the Near East by Greek and later Jewish settlers, 
and was well acclimatized around the eastern 
Mediterranean by the beginning of the Chris- 
tian era. 

The early introduction of the citron into 
Mesopotamia and even possibly Palestine has 
been defended by Isaac (1959). He argues that 
Tolkowsky has misinterpreted Theophrastus, who 
wrote that the citron grew only in Media and 
Persia, and states that the Greeks actually con- 
sidered the Persian kingdom to embrace the entire 
Fertile Crescent. Isaac theorizes that the citron 
may have spread from southern Arabia and existed 
in the coastal plains of the Levant coast in the 
period of the early kings of Judah and Israel. If 
this was not the case, he suggests, then the Jews 
may have become acquainted with the citron dur- 
ing their exile in Mesopotamia in the sixth century 
B.c. On this point, however, he is forced to rely 
on the Nippur archaeological findings and other 
not totally proven evidence. Consequently, al- 
though Isaac’s theories are sound they lean in 
the direction of his scholarly convictions. It 
should be noted that Andrews (1961) also be- 
lieves citrus was in Mesopotamia at a very early 
date. A definitive proof of the cultivation of citron 
in Mesopotamia earlier than the time of Alexan- 
der’s conquest must await the work of future 
archaeologists and scholars. 

The earliest reference to citrus fruits in 
India appears in the Vajasaneyi samhita, a col- 
lection of devotional texts assigned to a period 
prior to 800 B.c., where the lemon and citron are 
given the name jambila (Tolkowsky, 1938, p. 23). 
Despite the extent of Sanskrit literature, there 
appears to be little mention of citrus fruits in 
India prior to the Christian era (Hayes, 1945). 
Names for oranges appear for the first time in 
the oldest existing Sanskrit medical work, the 
Charaka-Samhita, a treatise that has been dated 
about 100 a.v. This and other evidence led Tol- 
kowsky to the view that the orange probably be- 
came established in southern Hindustan shortly 
before the Christian era. 


CITRUS IN ANCIENT AND 
MEDIEVAL HISTORY 


The Citron 

First Citrus Fruit to Reach Europe.—The 
citron (Citrus medica L.) was the first citrus fruit 
to come to the notice of Europeans and was for 
many years the only one known. It first attracted 
attention in Media, where it was then supposed 
to be indigenous. Apparently it soon spread into 
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Persia, where it came to the attention of the 
Hebrews and the Greeks. Although it is not now 
considered to be indigenous to Media, the steps 
by which it was first brought there from its native 
habitat in India or Indo-China are not known. 

Establishment of the citron in Persia seems 
to have occurred not later than the first half of 
the first millenium B.c. When Alexander's army 
passed through the Greek settlements of Persia, 
his botanists found the citron or “Persian apple” 
extensively cultivated. In addition, the Greek | 
settlers recalled that the citron tree had been 
commonly grown there in the time of the Medes, 
who ruled Persia from the ninth to the middle 
of the sixth century B.c. 





Fig. 1-1. Fruit of the Etrog citron, used by the He- 
brews in the Feast of the Tabernacles. Note the persistent 
style. 


Possible Reference to Citrus Fruits in the 
Bible.—It would be reasonable to suppose that 
the Hebrews, who had easy intercourse with the 
Assyrians and the Persians, soon learned of this 
rare and beautiful plant and introduced it into 
Palestine. It is therefore astonishing that the 
Bible, in which figs, grapes, olives, and other im- 
portant plants are frequently mentioned, contains 
no direct reference to any citrus fruit. 

The suggestion has been made (Gallesio, 
1811) that Moses referred to the citron with the 
word hadar, as used in the verse, “You shall take, 
on the first day, fruits of the tree hadar, of palm 
branches, boughs of the thickest trees, and wil- 
lows that cross the length of sey waters and 
rejoice before the Lord your God” (Lev. 23:40). 
As the Jews, at their annual Feast of Tabernacles, 
were, and are still, accustomed to present them- 
selves in the synagogue carrying in their hands 
myrtle, willow, and palm boughs to which citrons 
(Persian apples) are attached (fig. 1-1), it would 
seem logical to interpret hadar as citron. 

This interpretation was thought by Galle- 
sio to be further confirmed by the finding of 
Samaritan coins bearing on the one side the 
lulab of the Jews and on the reverse side a citron 
(fig. 1-2). However, Tolkowsky (1938, p. 53) in 
connection with an illustration of one of these 
coins, stated: “The very earliest documentary evi- 
dence of the citron in Jewish sources is found in 
the representation of this fruit on coins struck by 
Simon the Maccabee in the fourth year of the 
‘Redemption of Zion’, that is in 136 B.c.” 

Tolkowsky further pointed out that hadar 
literally means the fruit of the dar tree, that is, 
of the holy tree of India, the Cedrus deodara. He 
suggested the fruit or cone of this tree was origi- 





Fig. 1-2. A Jewish coin from the period of the First 
Revolt (66-70 a.p.) depicting a citron. (After Open- 
heim. ) 
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nally used in the Jewish ceremony, apparently 
adopted through Babylonian influence. Tolkow- 
sky theorized the citron was substituted for the 
cedar cone in the Jewish ceremony by Simon the 
Maccabee, high priest and ruler, in 136 B.c., evi- 
dently because the cedar cone, through the influ- 
ence of the Greeks, had become invested with 
bacchanalian significance. If one accepts Tol- 
kowsky, it thus appears that no citrus fruit was 
even indirectly mentioned in the Bible. 

Here again, however, Isaac (1959) chal- 
lenges Tolkowsky and much more effectively. 
Isaac points out that internal evidence from the 
text of Leviticus argues against Tolkowsky’s 
theory that the citron was a late substitute for 
the cedar cone in Jewish ritual, and asserts that 
nowhere else in the Old Testament, which 
abounds in botanical references, is the dar tree 
mentioned. Andrews (1961) also finds Tolkow- 
sky’s argument indefensible, since the Jews were 
ultraconservative in religious ritual. Andrews 
considers the idea of a shift from the cedar 
cone to the citron to be so radical that it can- 
not be supported without strong evidence. 

Furthermore, Isaac notes that the first 
coins depicting the citron have been reassigned 
by more modern scholarship to the period of the 
Jewish First Revolt of 66-77 a.v. (See Good- 
enough, 1953, p. 276.) Since the coins are at 
least two hundred years later than Tolkowsky, 
Gallesio, and other scholars have previously as- 
sumed and were struck at a time when the citron 
is known to have been well established in Pales- 
tine, they obviously have nothing to do with 
celebrating a change in Jewish ritual. 

Isaac finds Tolkowsky’s view of an orderl 
sequence of plant distribution from Persia throug 
Mesopotamia and finally to Palestine to be naive. 
Since cultivated plants such as the citron are 
“dependent upon human beings for their distribu- 
tion,” he suggests that the citron could well have 
bypassed Mesopotamia and reached Palestine at 
an early date. Andrews (1961), on the other hand, 
believes that the actual source of hadar is prob- 
ably the Assyrian adaru (citron), attesting to 
direct borrowing from Mesopotamia. 

Thus we are left with the creditable, care- 
fully reasoned (but as yet unproven) positions of 
Isaac (1959) and Andrews (1961) that the hadar 
of the Bible was the citron and that it was known 
to the Jews far earlier than Tolkowsky postu- 
lates. Both scholars find no acceptable evidence 
that the Greeks played a role of any importance 
in the spread of the citron tree, and agree that 


== ee _—-—— 


HISTORY OF THE INDUSTRY 


ag bil were the transmitters of citron culture 
to their numerous colonies along the Mediter- 
ranean. By the second century a.p. the citron was 
widely cultivated around the eastern Mediter- 
ranean, since its price was comparable with that 
of the fig (Tolkowsky, 1938, p. 62). 

References to Citron in Early European 
Literature.—The citron was known early to the 
Greeks and the Romans. Theophrastus, who wrote 
after the conquests of Alexander had greatly ex- 
tended the knowledge of the Greeks concerning 
the region of Media and Persia, gave a very 
truthful and exact description of the citron: 


Thus one sees in Media and Persia among many 
other productions the tree called Persian or Median- 
apple. . . . Its fruit is not edible but it has an exquisite 
odor, as also have the leaves which are used as a pro- 
tection from moths in clothing. A decoction of the a 
of this fruit is thought to be an antidote to poison, an 
will also sweeten the breath. . . . The citron bears fruit 
continuously; while some fruit is falling with ripeness 
other fruit is but just starting... . Fruit is given only by 
the flowers which have in the middle a sort of straight 
spindle; those which do not have this fall off, producing 
nothing (Gallesio, 1811, p. 199). 

It will be noticed that the last statement 
in this quotation foreshadows the recognition of 
sex in plants, but it was nearly two thousand 
years later before Camerarius, in 1691, published 
the first experimental proof of the function of 
pollen and its necessity in seed formation. 

Vergil (70-19 3B.c.) was the first of the 
Latin writers to describe the citron; like Theo- 
phrastus he called it the Median apple and de- 
scribed uses similar to those given by the earlier 
author. 

Dioscorides, a native of Cilicia who wrote 
a treatise on Materia Medica between 60 and 79 
A.D., spoke of the citron as if it had become well 
established in the district where he lived. He re- 
ferred to it as the Median and Persian apple or 
Cedromela, and said that the Latins named it 
Citria (Gunther, 1959). 

Pliny, in his Natural History, published 
about 77 A.D., gave several names to the citron 
(malus medica, malus assyria, and citrus) and 
described its use as a medicine, poison antidote, 
perfume, and protection from moths. He spoke 
of it as the only plant boasted of in Media and 
told of the vain attempts to transport it thence 
to Italy. However, it has been suggested that the 
citron tree was grown for ornamental purposes in 
Italy at the time of Pliny, although such trees may 
have produced fruit only occasionally (Tolkow- 
sky, 1938). When Pliny wrote, therefore, it would 
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seem that the citron was known to the Romans 
primarily as a foreign production. All writers of 
this period spoke of it as an exotic fruit, and the 
available evidence indicates that not until much 
later did it successfully mature in Italy. Gallesio 
(1811, p. 207) quoted evidence which indicates 
that its failure in Greece, Italy, and France in this 
early period was due to the extremely cold win- 
ters. The climate of the Mediterranean region, he 
believed, had become milder a century or two 
later, when the successful culture of the citron 
was finally established. Florentinus, a Greek 
writer of the third century, spoke of the citron as 
a tree cultivated not only in warm districts but 
also in colder sections, where it was covered on 
the approach of winter (Gallesio, 1811, p. 219). 

Citron Introduced into Italy.—Many early 
writers, including Clausius, Bauhinus, and Fer- 
rari, attributed the naturalization of the citron in 
Italy to Palladius, who described the cultivation 
of citron in his Sardinian and Neapolitan posses- 
sions. According to Gallesio (1811, p. 218), how- 
ever, Palladius (De re rustica iv. 273) wrote in 
such a manner as to indicate that the citron was 
already being grown not only in Sardinia and 
Naples but also in the north of Italy, where it 
could not live without artificial shelter. Histo- 
rians are not agreed on the time in which Palla- 
dius wrote, but the evidence indicates some 
period in the fourth century, and, as he spoke of 
the citron as well known, it must have been intro- 
duced considerably before his time. Gallesio con- 
cluded (1811, p. 220): 

We must think it probable, then, that this plant, 
already in Asia Minor and Palestine at the time of Dio- 
scorides and ed a passed into Italy about the third 
century and that in the time of Palladius it was grown not 
only in parts of Italy where the climate would allow it to 
grow in the open air, but also in districts less warm, 
where the luxury and ca orera ad of Roman grandees 
built country houses, embellished by art at great expense. 

Tolkowsky (1938, p. 90) gave evidence 
clearly indicating a much earlier introduction of 
the citron into Italy. He stated: “The sculptural 
panel from the tomb of the Haterii near Rome as 
well as the wall paintings of Pompeii confirm the 
statements of Pliny and Petronius to the effect 
that by the middle of the first century a.p. the 
citron tree was already naturalized in certain 
parts of Italy, and that it was no longer only just 
vegetating there as in the time of Augustus, but 
was producing flowers and fruits.” 

Andrews (1961) is in agreement that ar- 
chaeological and literary evidence support the net 
impression that the citron was introduced in Italy 
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about the time of Augustus and by the middle of 
the first century a.p. was producing fruits in some 
of the warmer parts of Italy. 

Influence of the Barbaric Invasions.—The 
barbaric invasions at the close of the fourth cen- 
tury interrupted citron culture in districts where 
artificial protection was required for its mainte- 
~ nance, for the invaders effaced all traces of luxury 
by destroying the magnificent homes of the rich 
Romans. However, in Sicily, Sardinia, and a large 
part of the Kingdom of Naples, where the climate 
was sufficiently mild to permit its growth as a 
naturalized plant, the citron survived the inva- 
sion. 

It was from these countries that the Ligu- 
rians took the citron, when in the ninth and tenth 
centuries they began to contend with the Vene- 
tians for the commerce of the East. By 1003 the 
citron was much cultivated at Salerno, and in that 
year a prince of the country sent fruits (poma 
cedrina) as a gift to some Norman lords who had 
delivered him from the Saracens. Gallesio (1811, 
p. 222) asserted that “it is well known that Ligu- 
ria has for many centuries provided the Jews of 
Italy, France, and Germany with citrons.” 

The culture of the citron was not extended 
into the nearby sections of Mentone and Hyéres 
in France until several centuries later, and not 
until the fifteenth century was the citron grown 
in orangeries in the colder parts of Europe. 


The Sour Orange and the Lemon 


' Roman Acquaintance with the Sour Or- 
ange and Lemon.—Gallesio and other modern 
scholars have concluded that the sour orange 
(Citrus aurantium L.) and the lemon (C. limon [L.] 
Burm. f.) were unknown to the Romans. This 
prevalent theory was vigorously rebuffed by Tol- 
kowsky, who asserts that the Romans were fa- 
miliar with both the lemon and orange, although 
his evidence appears somewhat weak when he 
seeks to establish that they were also acquainted 
with the sweet orange. 

From the middle of the first century a.p. to 
the middle of the second, Roman trade was most 
active. Gourmets in Rome paid fantastic sums for 
exotic delicacies, and it seems probable that or- 
anges and lemons in the freshest state possible 
occasionally arrived in shipments to Rome. A 
mosaic tile floor found in a Roman villa at Carth- 
age, probably of the second century a.p., shows 
recognizable branches of citron and fruit-bearing 
lemon trees. (See Tolkowsky, 1938, p. 100.) 

Evidence that the orange tree was known 
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in Italy before Pompeii was destroyed (about 70 
A.D.) is found in a remarkably faithful representa- 
tion of an orange in a Pompeian mosaic, according 
to Tolkowsky. The Roman artist tried to depict 
the orange as if it had just broken off the tree to- 
gether with the stem to which leaves and a flower 
bud are still attached. The unnatural position of 
the stem in relation to the fruit indicated to Tol- 
kowsky that the artist was unfamiliar with fruit- 
bearing trees. Since the leaf-stalk in the picture 
was not winged, Tolkowsky theorized that orange 
trees grown in Roman gardens were of the sweet 
variety, and probably not as yet fruit-bearing. 

By the fourth century a.p., Tolkowsky is 
convinced Italian gardeners had overcome the 
difficulties of obtaining oranges from trees grown 
in that country. That both oranges and lemons 
were actually grown and bore fruit appears indi- 
cated by one of the earliest Christian mosaics, a 
vaulted ceiling in the mausoleum built by the em- 
peror Constantine the Great (274-337 a.p.) to ac- 
commodate the remains of his favorite child, 
Lady Constantia, who died about 330 a.p. Cit- 
rons, lemons, and oranges are conspicuously de- 
picted in the mosaic, all of them attached to 
freshly cut branches, covered with green leaves. 

The Lombard invasion of 568 a.p. wrested 
most of Italy from the Byzantine empire. The 
luxurious gardens of the rich were destroyed and 
with them presumably the delicate citrons, lemon, 
and orange trees. Tolkowsky believes that not 
only the citron but some orange trees as well 
continued to exist in Sicily, Sardinia, and the 
region of Naples, which remained in Byzantine 
possession and where because of a more favor- 
able climate the trees had become naturalized. 

Some students of citrus history still feel 
Tolkowsky’s case for the early introduction of the 
orange into Europe remains tenuous, since mo- 
saics and paintings could have been made by 
artists who had seen the orange in travels abroad. 
However, it is interesting that Isaac (1959), an 
ardent critic of some of Tolkowsky’s views, 
credits him with providing sufficient evidence for 
us to “conclude that the orange and lemon were 
known in the early Christian centuries.” And cer- 
tainly it is logical that native tropical plants such 
as the orange and lemon, which require careful 
cultivation, might be introduced many times at 
various periods of history to subtropical regions 
only to disappear as a result of destructive 
freezes, disease, and even political upheaval. 

Rise of Mohammedanism Influenced Cit- 
invasions (350-400 ap.) 
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brought to an end the expansion of the Roman 
Empire, and there was no further extension of 
Roman commerce. The next advance in the diffu- 
sion of Citrus species came through the rise of 
Mohammedanism and the expansion of the Arab 
Empire (570-900 a.p.). The Roman Empire grad- 
ually disintegrated, and the advancing Arab Em- 
pire spread through northern Africa and into 
Spain, entirely surrounding the Mediterranean 
Sea except for parts of the French and Italian 
coasts. Placed in a country strategically situated 
between the three great divisions of the Eastern 
Hemisphere, the Arabs also extended their con- 
quests into Asia and Africa far beyond the ter- 
ritory influenced by the Roman Empire. 

With wealth and power at their command, 
they made great advances in art, science, and 
agriculture. They discovered the process of distil- 
lation, introduced into Europe the cotton plant 
and the sugar cane, and gave us our first knowl- 
edge of many medicinal plants, perfumes, and 
aromatics such as musk, nutmegs, mace, and 
cloves. 

Sour Orange Spread by the Arabs.—That 
the Arabs were acquainted with the sour orange 
is shown by the words of one of their writers, 
Massoudi. He was quoted by Gallesio (1811, p. 
249) as stating that this fruit was brought from 
India after the year 300 of the Hegira (922 a.p.), 
was first sown in Oman (part of Arabia), and was 
carried thence to Iraq (part of old Persia), Syria, 
Palestine, and Egypt. 

Gallesio and others have relied on this 
statement as evidence that the Arabs brought the 
first orange trees from India to western Asia, 
northern Africa, and southern Europe. Yet Tol- 
kowsky (1938, p. 124) pointed out that Gallesio 
used an erroneous translation of Massoudi. Tol- 
kowsky states: “What Mas’ddi really wrote is. . . 
that Qaher had planted his garden ‘with orange 
trees brought from Basrah and Oman, of such 
kinds as have (or had) been imported from the 
lands of India.’” Apparently the high value at- 
tached by the Caliph Qahar to these trees rested 
on the fact that they were new varieties, not pre- 
viously known in Iraq. Tolkowsky cites other 
Arab writers in support of his view that the naranj 
(sour orange) was already well established in 
Iraq by the time of Massoudi. 

While the earlier theories that orange and 
lemon trees were introduced by the Arabs from 
India appear to be erroneous, this in no way de- 
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tracts from the enormous contribution made by 
the Moslems in expanding citriculture through- 
out the countries under their sway. 

Numerous references are found in Arabic 
literature to citrus fruits and their uses. The 
Damascene (Abd-ulfeda) in his Antidotary had a 
recipe for making oil from oranges and their seeds 
(oleum de citrangula et oleum citrangulorum 
seminibus), and Avicenna, a famous Arab herb- 
alist who died in 1037 a.v. gave a recipe of his 
own invention for making “syrup of alkadere in 
which he put juice of the bigarade” (sour or- 
ange) (Gallesio, 1811, p. 247). 

Thus it is certain that the sour orange was 
known to the Arabs and they were instrumental 
in expanding its culture some time during the 
tenth century a.p. into Persia, Iraq, Syria, Pale- 
stine, and Egypt, and apparently later into north- 
ern Africa, Sicily, Sardinia, and Spain. 

At the time of the discovery of the route 
around the Cape of Good Hope to India (1498), 
the Portuguese found many citrons and sour or- 
anges on the east coast of Africa, but they found 
these trees only in cultivated gardens. It seems 
certain, therefore, that the Arabs, who had pene- 
trated Egypt, Syria, and Barbary in the first years 
of their conquests, had taken the citron and the 
sour orange with them. 

Apparently the first description of the sour 
orange was that given by Albertus Magnus (1193- 
1280) under the name Arangus.* He stated that 
the fruit is short and round, the tree larger and 
more cold resistant than the citron, the leaves 
appearing to be divided into two, the largest leaf 
toward the end standing above the smaller one. 
According to Killermann (1916, p. 205), this ap- 
pears to be not only the first description of the 
sour orange (Citrus aurantium) but also the first 
use of the term Arangus (orange), a name which 
later came to be applied most commonly to the 
sweet orange. 

neat Extended Lemon Culture.—Al- 
though much is known with reference to the 
spread of the lemon into various parts of the 
world, the exact place and the mode of its origin 
are still in doubt. That it must have originated 
somewhere in the countries of southeastern Asia 
seems certain. Laufer (1934, p. 145) pointed out 
that “the earliest references to the lemon in Chi- 
nese records is made by Fan Ch’eng-ta . . . in his 
Kwei hai yti heng chi . . . (preface dated a.p. 
1175),” who described the li-mung fruit as being 


3 Libre de vegetabilibus vi, tr. i, cap. xi, pp. 54-55. Ausgabe von Jessen, pp. 362-63. 
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“the size of a large plum; again, it resembles a 
small orange, and is exceedingly sour to the taste.” 
Laufer also informed us that “the earliest impor- 
tant description of the lemon [in Chinese] is con- 
tained in the Ling wai tai ta... written by Chou 
K’ii-fei .. . in A.D. 1178.” This Chinese author de- 
scribed the fruit li-mung as given above and indi- 
cated how it was used by the people of Canton. 
It was also stated that “some people say that it 
has come to us from the southern barbarians.” In 
view of the doubt that still exists concerning the 
native origin of the lemon, this tradition that it 
had been received from the “southern barbarians,” 
coupled with the name li-mung, which Laufer 
stated is foreign to the Chinese language, is im- 
portant evidence indicating that it was an intro- 
duced fruit not native in China. Laufer concluded 
that the lemon was introduced into what is now 
Kwangtung Province in China probably in the 
early part of the twelfth century. 

Laufer also stated (1934, p. 158): “It is said that 
the so-called Nabatean Agriculture, written in 
A.D. 903 by Ibn Wahshiyah . . . contains an allu- 
sion to the lemon .. . If this be true, it would be 
the earliest reference to the fruit in the literatures 
of the world.” He directed attention, however, to 
a probable error in the translation, which Seidel 
regarded justly as a transcription of the language 
of Khasia, a district of India famous for citrus 
cultivation, so that it is not certain that the lemon 
is intended. | 

The authenticity of Ibn Wahshiyah’s ref- 
erence to the lemon was accepted by Tolkowsky. 
He pointed out that the Arab agronomist called 
the lente hasid and added that limtin was the 
Persian name of the fruit. Since limdn is also the 
term generally applied by the Arabs, and since 
there is no trace of the word hasid in their writ- 
ings, Tolkowsky believed the latter name to be of 
purely Nabataean origin, thereby pointing to an 
old established culture of the lemon in Iraq. 

That the lemon was grown in Egypt be- 
fore 900 a.v., Tolkowsky considered evident from 
the contents of certain so-called Scalae—glos- 
saries of Coptic, Greek, and Arabic synonyms— 
found in Egypt and dating back to the seventh, 
eighth, and ninth centuries a.p. These glossaries 
contain the equation: kortimos=el-limitin. 

Tanaka (1929, pp. 342-43) said of the 
lemon: “The writer’s critical study clearly shows 
its early introduction into China during the Sung 


4 The reference under “43” is to Sung Lueh Ssu . 
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dynasty (960-1279).” He also noted the first ref- 
erence to the invention of lemonade by Mongo- 
lians as early as 1299. 

The most enlightening paper on the nativity 
of the lemon is that of Shiu Iu-nin (1933), who, 
although not making positive claims, advanced 
strong evidence indicating that the lemon is na- 
tive in southeastern China and was well known 
and cultivated before the Sung dynasty. He 
stated: “But in the Lingnan section . . . of (43) 
these words are found: ‘In the fourth year of K’ai 
Pao... two bottles® of lemon juice were allowed 
to be presented to the Emperor.’ The fourth year 
of K’ai Pao is 971 a.p., which is only eleven years 
after Emperor Sung T’ai-chu . . . ascended the 
throne” (Shiu, p. 281). Shiu pointed out that the 
conditions of such an offering to the emperor in- 
dicate clearly that the fruit must have been well 
known and widely grown and used long before 
that time and thus certainly before the Sung 
dynasty. 

Shiu (p. 284) also mentioned the statement 
quoted above from Laufer of the tradition that 
the lemon had been received from the “southern 
barbarians,” taken from Chou K’ti-fei (1174-1178 
A.D.). Shiu, however, explained that what was 
known as the “barbarous south” in that period 
was southern China, as the culture was then 
mainly developed in central and northern China. 
He mentioned other fruits typical of Kwangtung, 
such as the.Lychee and Lungan, which were also 
then spoken of as fruits of the “barbarous south.” 

Glidden (1937), in an exhaustive study of 
the evidence based on the derivation of native 
names used in the different countries and the his- 
toric evidence available, concluded: “From all 
the available evidence the lemon seems to be a 
native of the eastern Himalaya region, as both the 
geographical distribution and the various names 
of the fruit testify.” Thus it may be stated that the 
weight of evidence now available favors southern 
China and probably Upper Burma as the native 
home of the lemon. 

The lemon came to attention in Europe a 
little later than the sour orange, but apparently 
followed the same general route on its journey 
there. Ibn-al-Awim (1864) in his treatise on agri- 
culture, written in Spain some time in the latter 
half of the twelfth century, described rather fully 
the methods of citrus propagation and culture 
and referred to the citron, the orange (sour), the 
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lemon, and the pummelo or shaddock as if they 
were well-known fruits. All of these fruits, fur- 
thermore, were discussed in statements that he 
quoted from Abu’ Khayr, who wrote some time 
in the first half of the twelfth century. Thus we 
may conclude with reasonable certainty that by 
about 1150 a.p. the citron, the sour orange, the 
lemon, and the shaddock had been introduced by 
the Arabs into Spain and the countries of north- 
erm Africa. 

The lemon was not mentioned by the 
Damascene or by Avicenna, but was described 
in all the works of Arabian writers of the twelfth 
century, especially by Ibn al-Baitar (1197-1248 
A.D.) (Gallesio, 1811, p. 250; Laufer, 1934, p. 158), 
who had an article on it in his dictionary of sim- 
ple remedies. It is certain that the culture of the 
lemon, as well as the sour orange, was furthered 
by the Arabs in Persia and Palestine, and, by the 
beginning of the twelfth century, the lemon was 
being commonly grown in those countries. Evi- 
dently it was also taken to the countries of north- 
ern Africa and into Spain, as was the sour orange. 

It may also be assumed that the Mazoe 
lemon, found in recent years by English settlers 
apparently growing wild along streams in South- 
em Rhodesia, was introduced by the Arabs. 
Vasco da Gama (1898) arrived at Mombasa on 
April 7, 1498, and in the account of his voyage de- 
scribed the place as “a city of great trade with 
many ships. The King sent to the explorers a large 
boat laden with fowls, sheep, sugar canes, citrons, 
lemons, and large sweet oranges, the best that 
had ever been seen.” Thus it would appear that 
the lemon had been introduced into this section 
by the Arabs, and probably also the Mazoe type, 
which later became feral. The Mazoe lemon is 
identical with the Florida rough lemon, which 
was introduced into Florida by the Spanish voy- 
agers slightly later, and there also became feral. 
It is likewise identical with the jamberi lemon of 
India. 

Influence of Crusades in Extending Citrus 
Culture.—Following the activity of the Arabs in 
spreading citrus culture, the next great advance 
in extending these fruits into Europe came 
through the Crusades, the great religious move- 
ment which began at the close of the eleventh 
century. The Crusades opened to the peoples of 
Europe the entrance to Syria and Palestine, which 
had been closed by the expansion of the Arab 
Empire, and reawakened among them the spirit 
of commerce and a taste for arts and Juxury. The 
Crusaders were not common soldiers but were 
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men of the highest class and rank who joined the 
movement in a spirit of religious fervor to win 
the universe for Christianity. They entered Asia 
Minor as conquerors and thence spread as traders 
into all parts of Asia. Naturally they were at- 
tracted by the desirable products of art and agri- 
culture in the new lands and coveted them for 
their homes, to which they expected to return. 
It is not surprising, therefore, to find that in this 
period Europe was enriched with many valuable 
products, among them the apricot, the sour or- 
ange, and the lemon. 

Sour Orange, Lemon, and Lime Introduced 
by Crusaders.——The lemon, the lime, and the 
sour orange were mentioned by European his- 
torians only after the period of the Crusades. 
Hence, it seems certain that these fruits must have 
been brought to Liguria and to other parts of 
Italy and France by the Crusaders. In his History 
of Jerusalem, Jacques de Vitry, a bishop and his- 
torian of the thirteenth century who had been in 
Palestine with the Crusaders, described the in- 
teresting citrus fruits found there (Gallesio, 1811, 
p. 256). The Adam’s Apple (shaddock), the lemon, 
the citron, and the sour orange are among the 
trees which he mentioned and regarded as for- 
eign to Europe. 

Sylvaticus of Mantua (Italy), who wrote 
about the middle of the thirteenth century (Gal- 
lesio, 1811, p. 266), described the citron, the sour 
orange, the lemon, and a fruit commonly called 
lima (probably what we now know as the lime). 
At this time the culture of these four fruits in 
Liguria had evidently made considerable prog- 
ress, for he stated that they were very well 
known. 

It is true that the citron, the orange, and 
the lemon had already been grown in many parts 
of Italy, but it is likely that the contraction of the 
area over which they had been grown, caused 
by the barbaric invasions of several centuries 
before, had left citrus culture limited to the warm 
islands of the Mediterranean, and to Sicily and 
Sardinia. If this was the situation, then, owing to 
the difficulty of communication and the general 
illiteracy of the age, it is not surprising that citrus 
may have been forgotten by the peoples of south- 
ern Europe. 


The Sweet Orange 


First European Reference to Sweet Or- 
ange.—Although Tolkowsky theorized that the 
sweet orange (Citrus sinensis [L.] Osbeck) grew 
in Italy during the early Christian era, traces of 
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its culture vanishing during the barbaric inva- 
sions, there is no written evidence of the actual 
culture of sweet oranges in southern Europe until 
the fifteenth century. | 

Some historians of citriculture have main- 
tained that no sweet oranges were grown in Eur- 
ope until the Portuguese brought the first trees 
from India or the Far East after they discovered 
the direct sea-route around the Cape of Good 
Hope. Tolkowsky, however, has asserted that the 
sweet orange tree must have already been estab- 
lished in the Mediterranean regions of Europe 
prior to Vasco da Gama’s voyage of discovery of 
1497 a.v. He cites as one direct document 
pee a letter written on June 29, 1483 by the 

ing of France, Louis XI, to Francois de Genas, 
governor of the province of aah ete (Tolkow- 
sky, p. 238). Louis XI requests that the governor 
send him “citrons and sweet oranges, muscatel 
pears and parsnips, and it is for the holy man who 
eats neither meat nor fish and you will be doing 
me a very great pleasure.” Since the holy man 
referred to is Saint Francis of Paula, who had just 
arrived at the court of Louis XI, Tolkowsky con- 
sidered it probable that the pious monk had al- 
ready become accustomed to eating sweet or- 
anges in his native country of Calabria. 

By the beginning of the sixteenth century, 
there was abundant evidence showing that the 
sweet orange had become well established and 
had assumed commercial importance in southern 
Europe. It does not seem to have been widely 
cultivated until toward the middle of the fifteenth 
century. 

Portugal Orange Not the First Importa- 
tion.—The path by which the sweet orange first 
reached Europe is difficult to trace. Many early 
writers believed that voyagers brought it to Por- 
tugal shortly after Vasco da Gama rounded Cape 
Horn and reached India in 1498.. Valmont de Bo- 
mare (1764), for example, stated in his Dictionary 
of Natural History that the first imported tree, 
from which came all the sweet orange trees of 
Europe, was at that time still growing at Lisbon 
in the garden of the Count St. Laurent (Gallesio, 
1811, p. 297). Apparently the general application 
of the‘name Portugal orange to the sweet orange 
came from the belief in its origin from this tree. 
Gallesio (1811, p. 298), however, pointed out that 
this name was not known in Europe until about 
the middle of the seventeenth century and that 
previous to that time the fruit had been known 
under the simple name of orange douce (sweet 
orange). He also pointed out that the Portuguese 
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did not reach China until 1518 and that Joao de 
Castro, who is credited with having brought the 
tree to Portugal, was born in 1500 and could not 
have returned from his first voyage until about 
1520. 

Vasco da Gama, in relating the story of his 
voyage (1498), as written by a Florentine who 
was on his vessel, said that in India there were 
many orange trees, but all with sweet fruit. If the 
sweet orange were at that time unknown to da 
Gama, it would seem astonishing that he failed 
to describe it as different from the known sorts. 

None of the travelers of this epoch showed 
surprise at sight of this fruit, as they did on see- 
ing many others, from which it may be deduced 
that they were already familiar with the sweet 
orange and that it was no longer a novelty. 

Sweet Orange Widely Grown in Early Six- 
teenth Century.—Many writers at the beginning 
of the sixteenth century mentioned the sweet 
orange, and all of them spoke of it as an old tree 
of unknown origin. 

Matioli, famous for his work on botany, in 
his translation of Dioscorides printed in 1540, 
regarded the sweet orange as an ancient tree. 
Augustino Gallo, in his work on agriculture pub- 
lished in 1569, spoke of the sweet orange as a 
plant whose cultivation dated from time immem- 
orial and told of an old cultivator at Salo, ninety 
years of age, who could not remember the plant- 
ing of the trees existing in his time. 

Navagero, in his Spanish Voyage, pub- 
lished in 1525, described the prodigious trees in 
the kitchen garden of the King at Sevilla, all of 
which were sweet oranges. Possibly most impor- 
tant of all, as proving the wide distribution of this 
species at the beginning of the sixteenth century, 
is the statement of the leaned monk, Leandro 
Alberti, who traveled in Italy in 1523. He stated 
that he saw immense plantations of orange, 
lemon, and citron trees in Sicily, Calabria, upon 
the borders of the river Salo in Liguria, and in 
many other places. He expressly stated that a 
great number of varieties were cultivated and 
that most of them had sweet fruit. (See Gallesio, 
1811, pp. 302-03.) 

Gallesio (1811, p. 322) also described two 
documents, found in the archives of the city of 
Savona, which he considered important evidence 
as showing the presence of the sweet orange in 
Europe at the end of the fifteenth century. One, 
under date of May 27, 1471, is an account of an 
expedition to deliver a gift of fruits from the city 
of Savona to an ambassador at Milan. From the 
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wording it would appear that the fruits must have 
been sweet oranges, though they were designated 
merely as citruli. The second document, dated 
February 12, 1472, is a bill of sale of 15,000 cit- 
ranguli, received by the notary Pierre Corsaro. 
Gallesio concluded from the conditions and word- 
ing of this bill that the citranguli were undoubt- 
edly sweet oranges. 

It is clearly impossible that this extensive 
culture of the sweet orange in Liguria at the be- 
ginning of the sixteenth century could have come 
from the Portuguese importation, since that did 
not take place earlier than the beginning of that 
century (perhaps about 1520). 

In explaining why there are few references 
to sweet oranges in European literature prior to 
1500 a.p., Tolkowsky noted that most oranges— 
sweet or sour—were used as condiments for fish 
and meat and rarely eaten as fresh fruit. The 
sweet oranges cultivated in Europe prior to the 
Portuguese importation were probably of inferior 
fragrance and taste. Once the Portuguese began 
importing new varieties from Asia, however, the 
demand for sweet oranges quickly exceeded that 
for sour fruit. Culture of the new type of sweet 
oranges soon became an important factor in the 
economic life of Portugal and rapidly spread into 
other Mediterranean countries. 

Sweet Orange Arrived over Genoese Trade 
Route.—Gallesio concluded from his study of his- 
toric evidence that the sweet orange probably 
reached Europe first through the commercial 
trade route established and maintained by the 
Genoese. The Crusaders had stimulated in Eur- 
ope a desire for the luxuries of the East. The relig- 
ious movement, long continued, led to the re- 
vival of trade and finally to the establishment of 
two great trade routes, one from Genoa and the 
other from Venice, which were operated on an 
extensive scale and under great difficulty through 
several centuries. Hosts of highly intelligent men 
seeking honor and wealth joined the traders and, 
disguised as Arabs or by other means, penetrated 
Arabia, Palestine, and India. 

The maintenance of these trade routes 
stimulated the Arabians and those having con- 
nection with India and the East to search for and 
procure the novel articles of commerce sought by 
the European traders. 

It can scarcely be doubted, therefore, that 
the sweet orange which is mentioned in literature 
of the fifteenth century reached Europe some- 
time in the early part of that century, probably 
over the Genoese trade route. 
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Portuguese Made Important Introduction.— 
Although the sweet orange had been introduced 
into Europe at least a century before the Portu- 
guese reached China, it seems certain that the 
Portuguese contributed much to the spread and 
popularization of orange growing by introducing 
a superior variety. This new variety, which later 
came to be known as the Portugal orange, evi- 
dently stimulated the industry much as the intro- 
duction of the Washington navel stimulated or- 
ange culture in California. The mother tree of the 
variety was evidently the imported tree from 
China described by Valmont de Bomare (1764) 
as “still growing in the Garden of the Count St. 
Laurent” at Lisbon. 

This also was evidently the variety (Auran- 
tium olysiponense) referred to by Ferrari (1646, 
. 425) in the statement: “Just recently there has 
een sent to Rome to the garden of Pios and Bar- 
berinos from Lisbon a beautiful tree with golden 
fruit. Some say the tree has come originally from 
China, hence, it is sometimes called Chinese or 
Sinensian tree.” Ferrari's illustration of the fruit 
of this tree indicated a fairly good, smooth, thin- 
skinned, spherical type (fig. 1-3). It was further 
stated: 


The shape of its leaves and flowers is the same as 
other citrus trees. It surpasses others only in this, that a 
crushed leaf smells more alluring. The fruit is decidedly 
round in shape with a skin, if you look at it carefully, that 
is granular and most glowingly and delightfully yellow. 
The pulp extends to the very outer rind, and has a sweet 
and most pleasingly spicy taste. The pulp and juice are so 
golden in color one would think gold had been melted 
away into its juice. This fruit although it has a very slight 
acidity is a sweet and fragrant morsel for anyone’s palate 
(Hawkinson, 19368). 


Ferrari described other sweet oranges but 
singled out this Portugal orange as something 
new and good. This was in 1646, about a century 
after its importation into Portugal, indicating how 


, Slowly such valuable plants were disseminated. 


These statements of Ferrari, together with 
our knowledge of the wide diffusion of the Por- 
tugal orange under that name, indicate clearly 
that the Portuguese did introduce a sweet orange 
that had a profound influence on the industry. 


The Lime 


Apparently the first mention of the lime in 
literature was made by Abd-Allatif in the thir- 
teenth century. Gallesio (1811, p. 33) stated that 
his “balm lemon of smooth skin the size of a 
pigeon’s egg” was apparently identical with the 
species of lime of Naples. Evidently, therefore, 
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Fig. 1-3. The Portugal orange as illustrated by Ferrari in 1646 under the name Aurantium olysiponense. ( Hesperides, 


p. 427.) 


the lime also was known to the Arabs, who prob- 
ably played a major role in spreading its culture 
through India to Persia, Palestine, Egypt, and 
Europe. The first mention of the lime, under that 
name, according to T. W. Brown (1924, p. 74), 
was apparently by Sir Thomas Herbert (Travels, 
1677), who spoke of finding “oranges, lemons, 
and limes” on the island Mohelia (Mohéli of the 
Comoro group, off Mozambique) during a voyage 
begun in 1626. However, as has been stated pre- 
viously, Sylvaticus in the middle of the thirteenth 
century spoke of a fruit vulgarly called lima 
which apparently was what we now know as the 
lime (Gallesio, 1811, p. 268). Sir George Watt 
(1889-1893) stated that the Arabic word limoon 
through the Persian is the Hindi word lime or 
limbu, probably adopted by the Sanskrit people 
for this fruit and used with little change in most 
languages. 

According to T. W. Brown (1924), the first 
reference to the lime in Egypt was that made by 
Thevenot, who in his description of the Mataria 
garden in 1657 “alludes to ‘des petits limons’ and 
these could hardly have been anything else but 
limes.” However, Tolkowsky has noted a refer- 
ence in one of the stories of the Arabian Nights 
to “Egyptian limes and Sultania oranges and cit- 
rons.” These ancient tales were collected in their 
present form about 1450 a.p. 


The Mandarin Orange 


The mandarin orange (Citrus reticulata 
Blanco), which is a native of China and south- 
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eastern Asia, was not taken to Europe during an- 
cient and medieval times but was known and ex- 
tensively planted in China and Japan at a very 
early date. As has already been stated, several 
clearly distinct varieties were described in 1178 
A.D. in the Chii lu (Han Yen-chih, 1923). The va- 
riety Chen kan or Ju kan (Milk orange of Wén- 
chou) described by Han, according to the studies 
of Tanaka (1932, p. 7) 


became famous in Japan, not only from the excellence of 
the original text, but from the admiration of Li Shih-Chen, 
the author of the Pen ts’ao kang mu, or Standard Chinese 
herbal. There is, however, a diversity of opinions about 
the identity of the je kan with the orange grown in Japan. 
The author of Wakan Sansai Dzue (a. p. 1713) identifies 
it as the Japanese Kunembo (true Citrus nobilis Lour. 
[now C. reticulata Blanco]), while the authors of Zétei 
Nankai Héfu (1867) and Yamato Honzo (a.p. 1761) make 
it identical with the Kishu Mikan or the Kinokuni (C. 
kinokuni Hort.). 


According to Tanaka, the first reference to 
the orange of Wén-chou in Pee literature “is 
perhaps a citation in Isei Teikin Orai, one of the 
oldest books of family letter writing, composed 
by Kokwan (1278-1346 a.p.).” It is thus evident 
that varieties of the mandarin orange reached Ja- 
pan about the time that the orange and the lemon 
reached Europe. They were not introduced into 
Europe and America until modern times. The 
first mandarin tree was brought to England from 
China in 1805, and the mandarin spread from 
England first to Malta, and then to Sicily and con- 
tinental Italy (Tolkowsky, 1938, p. 216). 
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The Pummelo and the Grapefruit 


The pummelo or shaddock (Citrus grandis 
[L.] Osbeck) in its journey to Europe apparently 
followed about the same path as the sweet and 
sour oranges. The intermediate steps in its pas- 
sage, however, are less perfectly known, perhaps 
because no particular use was made of its fruits. 
The Adam’s Apple, a form of the shaddock, was 
mentioned by an anonymous pin as growing 
in Palestine in the year 1187 (Tolkowsky, 1938, p. 


139); Jacques de Vitry, about the middle of the | 


thirteenth century, also mentioned it among the 


fruits of Palestine. Ibn-al-Awam (1864), writing 


in Spain in the latter half of the twelfth century, 
described what is interpreted as being the Adam’s 
Apple under the names zamboa and bustanbin, 


quoting from Abu’ Khayr (first half of the twelfth — | 
century). From the statements of Abu Khayr and | 
al-Awam it would seem that the Adam’s Apple © 


and perhaps other forms of the pummelo or shad- 


dock had already arrived in Spain by the middle 


6% saa. 


of the twelfth century, having been brought there fs: ? 


by the Arabs. Since Ferrari (1646) described and 
illustrated several varieties of the pummelo, it 
must have reached Europe fairly early. 

Alphonse de Candolle (1886, p. 177) stated: 


The number of varieties in the Malay Archipelago 
indicates an ancient cultivation. Its original country is not 
i known because the trees which appear indigenous may 

the result of naturalization following frequent cultiva- 
tion. Roxburgh (1832, vol. 3, p. 393) says that the species 
was brought to Calcutta from Java. 

In the Friendly Islands and the Fijis, the 
very widespread existence of the pummelo or 
shaddock in the wild indicates that it may be 
indigenous there. A consideration of the evidence 
available seems to indicate that it may safely be 
considered as indigenous in the Malayan and In- 
dian archipelagos and to have spread from there 
to China and India, and thence to Persia, Pale- 
stine and Europe. 

Plukenet (1696, p. 239), in his Almagestum 
botanicum, mentioned the shaddock, which indi- 
cates that it had been introduced into the West 
Indies prior to that time. It was also described in 





Fig. 1-4. An early Roman orangery as illustrated by 
Ferrari in 1646. 


the same year by Sloane (1696) as occurring in 
Jamaica. Later Sloane (1707, vol. 1, p. 41) stated: 
“The Seed of this [the shaddock] was first brought 
to Barbados by one Captain Shaddock, Comman- , 
der of an East India ship, who touch’d at that 
Island in His passage to England, and left its 
Seed here.” * The date of the importation was not 
given, but as the shaddock was recorded as be- 
ing cultivated in both Barbados and Jamaica in 
1696 the importation probably occurred some 
decades prior to that date. 


6 Citrus historians have long been uncertain how much credence can be given Sloane’s tale of the introduc- 
tion of the shaddock to the West Indies. Swingle (1943, p. 418) was unable to document the existence of “the elusive 
Captain Shaddock . . . whose name up to now has not been found in records of either government or private shipping.” 
Tolkowsky (1938, p. 266) also failed to uncover a record of the man for whom the fruit was supposedly named. Im- 
mediately prior to publication of this volume, the junior authors succeeded in a search for the missing captain. A brief 
reference to a Captain Chaddock (sic) making a trip from the Somers Islands (Bermudas) to Trinidad in 1642 was found 


in a letter from 


ichard Norwood to the Governor and Company of Adventurers to the Somers Islands in W. Noél 


Sainsbury (ed.), Calendar of State Papers, Colonial Series, 1574-1660, I, 323 (London, 1860). This clue led to a Captain 
Thomas Chaddock (the spelling varies) who served as Governor of the Somers Islands from 1637 to 1641. Further re- 


search will be needed to substantiate the Sloane legend. 
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The grapefruit, which probably originated 
as a mutation or sport from the shaddock, was 
first described under the name “forbidden fruit” 
by Griffith Hughes in 1750 from Barbados. 

Establishment of Orangeries.—In the early 
growing of oranges and other citrus fruits, which 
were highly prized, frost injury caused much dif- 
ficulty. Then came the first efforts of civilized man 
to grow tender, exotic plants under special shel- 
ters, a development that finally led to the estab- 
lishment of hothouse or greenhouse culture. Early 
accounts contain many references to different 
methods of protection which were used to pre- 
serve citrons and oranges from cold injury. 

As early as the latter half of the first cen- 
tury B.c., Seneca wrote in his ninetieth epistle that 
panes of mica had come into use—not only for 
windows, but as a means of protecting the more 
delicate plants grown in Roman gardens against 
the cold (Tolkowsky, 1938, p. 91). The poet Mar- 
tial (about 81-96 a.p.) taunts a friend in an epi- 
gram for being kinder to his flowers and young 
trees than to the writer, since he keeps the former 
under mica to protect them from the wind and 
cold air and yet permit the warm rays of the sun 
to reach them. It is doubtful whether the desire to 
protect tender citrus trees was the stimulating 
influence in the first use of greenhouses, but such 
structures later became commonly known as “or- 
angeries.” | 

Apparently by the fourteenth century, 
fanciers were using specially heated buildings to 
procs an artificial climate. These special houses, 

own by ancient writers as stanzone per i cidri 
(see Be. 1-4) were erected primarily for the cul- 
ture of citrons and oranges. They came to be used 
in all parts of Europe, and, although used for 
many exotic plants, were designated “orangeries.” 
Thus originated greenhouses and greenhouse cul- 
ture. 


INTRODUCTION OF CITRUS INTO 
OTHER COUNTRIES 


The Americas 


Closing of Trade Routes by the Turks and 
Discoveries in Navigation Extended Citrus to 
America.—It remains to inquire how citrus fruits 
reached the Western Hemisphere, where natural 
wild groves of sour and sweet oranges, lemons, 
and limes were found in the various sections when 
they finally came to be settled, and yet where no 
Citrus species is supposed to be indigenous. 

Here again an upheaval of human rela- 
tions that interrupted existing cohditions led to 
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the further advance of the Citrus tribe. In 1453, 
Constantinople fell before the Turks, and through- 
out the next century Turkish pressure upon Eur- 
ope was continuous and severe. The great trade 
routes to India from Venice and Genoa were al- 
most completely closed. All over Europe, traders 
were speculating on new routes to India and the 
East. 

Sailing ships had been much improved 
and the science of navigation had been much ex- 
tended and perfected. It was at this time that 
Columbus conceived the great idea of reaching 
India by sailing westward. As we know, he did 
not reach India, but on an October day in 1492 
he landed on the shores of the New World. 

Six years later Vasco da Gama, a Portu- 
guese navigator, rounded the southernmost point 
of Africa and finally reached India. There fol- 
lowed a period of extraordinary activity in the 
discovery and exploitation of the world’s natural 
resources. Products of the Old World were taken 
to America and those of America brought back to 
enrich Europe. The Spanish and Portuguese were 
leaders in these explorations and were the first to 
establish colonies in America. Trade relations 
with America were considered so important in 
Spain that a powerful governing board for Amer- 
ican trade, the Casa de Contratacion, was or- 
ganized in 1505. For many years it directed acti- 
vities in outfitting expeditions and provided for 
the exchange of valuable seeds and plants (Puente 
y Olea, 1900). 

No Citrus Species Native in America.— 
That citrus fruits were not known in America at 
the time of the discovery is clearly indicated by 
the fact that the accounts and narratives of the 
early explorers contain no reference to these val- 
uable lant although they do describe many 
new fruits and plants, and the beautiful gardens 
of Montezuma. That no Citrus species is indig- 
enous to America is a fact now recognized by all 
authorities. By the middle of the sixteenth cen- 
tury, however, numerous statements in the litera- 
ture of the period make mention of the presence 
of several species in widely different localities. 

Columbus Introduced Citrus into America, 
November 22, 1493.—It probably cannot be as- 
sumed that Columbus on his first expedition took 
citrus seeds to America, there to be planted or 
scattered, as his first voyage was primarily one of 
discovery, and inasmuch as both the fort and the 
settlement that he established at La Navidad 
were destroyed after he left. On his second voy- 
age, however, he went prepared to establish set- 
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tlements, taking the seeds, plants, and domestic 
animals that were considered necessary and im- 
portant. It was this voyage (1493) that resulted 
in the first permanent settlement in the New 
World, that on the island of Haiti. 

At this period, citrus fruits, particularly the 
sweet ofange, were greatly prized throughout 
the Mediterranean countries, and, as we have 
seen, efforts were being made to extend their 
culture by the use of orangeries (greenhouses). It 
is scarcely conceivable that an expedition at this 
time would set out from Spain to a subtropical 
country with colonization in view without taking 
a stock of seeds or plants of a fruit as much prized 
as the orange. 

Puente y Olea (1900, p. 375) wrote: 


The first plants from the Old World were planted 
on the island of Hispaniola [Haiti] immediately after its 
discovery and it is known that Christopher Columbus on 
his second voyage, for which he had been provided with 
supplies of every sort and which he made in the company 
of 17 vessels and about 2,000 men, brought with him seeds 
of various kinds, and also useful animals for propagation 
on this island. It is likewise known that by order of Queen 
Isabella a certain number of farmers embarked in his 
ships and according to Angleria (Peter Martyr)* artisans 
of many kinds, who shall build there a city. 


Columbus on this expedition did establish 
a settlement at Isabella in Haiti and the colonists 
developed successful gardens, as is shown by 
later testimony. It can scarcely be doubted that, 
among their other cultivations, trees of the sweet 
orange, the sour orange, the lemon, the citron, 
and probably the lime, the types with which the 
Spanish and Portuguese were at that time fa- 
miliar, were included. 

Bartolomé de Las Casas in his Historia de 
las Indias, the manuscript of which was written 
in the period between 1520 and 1559 (Las Casas, 
1875-1876), gave a definite account of the taking 
of citrus seeds to America by Columbus on his 
second expedition, which sailed from the Bay of 
Cadiz, Spain, on September 25, 1493. 

According to the statement of Las Casas 
(vol. 1, chap. 83, p. 3), Columbus, with his fleet 
of seventeen vessels, proceeded southwest to the 
Grand Canary Island and thence on October 5, 
1493, to the island of Gomera, also one of the 
Canary group, where a stop was made. Las Casas 
stated that “during this time, with great haste he 
[Columbus] provided himself with some cattle, 
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which he and those who came there with him 
bought. . . . They bought hens and also grains, 
and seeds of oranges, lemons, and citrons, melons, 
and all kinds of vegetables; and this was the 
origin of everything that is there (that is in His- 
paniola) today of the things of Castile.” Accord- 
ing to this account of Las Casas, Columbus at 
Gomera awaited favorable winds and finally set 
sail on October 13, arriving at Hispaniola (Haiti) 
on November 22, 1493. Then followed the estab- 
lishment of the new colony of Isabella, where 
orchards and gardens were subsequently planted. 

The statements of Las Casas provide posi- 
tive evidence that orange, lemon, and citron seeds 
were taken to America from the island of Go- 
mera. It seems peculiar that, in outfitting the expe- 
dition, supplies of this sort were not procured in 
Spain, where, as previously described, all these 
fruits were then cultivated and highly prized. It is 
probable, however, that the season’s citrus crop 
in Spain was not sufficiently matured to be used 
for seed when Columbus left on September 25, 
and that he definitely planned to secure stocks 
of such seeds in the Canary Islands, where the 
season of ripening is earlier. 

That oranges were grown in the Canary 
Islands at that time (1493) is indicated in Louis 
de Cadamosto’s account of his voyage to Guinea, 
written in 1463, in which he spoke of oranges as 
being well known in the Canaries (Gallesio, 1811, 
p. 227). | 

Orange Reached Continental America, 
July 12, 1518.—Perhaps the first mention of citrus 
in continental America (tierra firme) is in an old 
manuscript, written in 1568 by Bernal Diaz del 
Castillo,® which is to be found in the official ar- 
chives of Guatemala. In Maudslay’s English trans- 
lation of the work, entitled The True History of 
the Conquest of New Spain (1908, vol. 1, p. 62), 
the statement is made that in the original manu- 
script the following passage had been blotted 
out: 

I sowed the seeds of some oranges near to another 
Idol house, and it happened thus:—There were so many 
mosquitoes near the river that ten of us soldiers went up 
to sleep in a lofty Idol house, and close by that house I 
sowed the seeds which I had brought from Cuba, for 
there was a rumor that we were coming back to settle. 
They came up very well, for it seems that the papas 
(priests) when they saw that they were plants differing 
from those they knew, protected them Ae watered them 
and kept them free from weeds and all the oranges in that 


7 Letter directed to Vice-Chancellor Ascanio on November 1, 1493 (Decadas, I, 24). 
8 Diaz left Spain for the New World in 1514, going first to Nombre de Dios (Panama) and thence to Cuba. He 
was with Cortéz throughout the conquest of Mexico. His manuscript was written in 1568, and the Alonzo Remon 


edition was published in Madrid in 1632. 
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province are the descendents of these plants. I know well 
that these old tales have nothing to do with any history, 
so I must leave off telling them. 

Maudslay also stated that the Alonzo Remon 
edition added to this passage the following: 

And I have called this to mind because these were 
the first oranges planted in New Spain. After the fall of 
Mexico, when the towns subject to Coatzacoalcos had 
been pacified, this was looked upon as the best province, 
being the best suited in all New Spain, both on account 
of the mines it possessed as well as for its good harbour, 
for it was a land both rich in gold and in pasture for 
cattle. For this reason it was settled by the principal con- 
quistadores of Mexico, of whom I was one. So I went back 
to look for my orange trees and transplanted them, and 
they turned out very well. 

This statement, translated from the orig- 
inal manuscript, where it was blotted out as data 
“irrelevant to history,” is of great interest to the 
citrus industry. Certainly Diaz would not have 
thought of making such a statement had there not 
been some foundation for it in fact. At the end 
of the paragraph he stated that it had “nothing 
to do with any history,” and this is clearly the 
reason it was blotted out. Maudslay, the transla- 
tor, pointed out the frequent statements in the 
manuscript which indicate the author's indecision 
concerning what should be considered important 
historic data and his timidity concerning his own 
ability to write history. 

In Diaz’ manuscript, this quotation is near 

the end of Book II, which deals with his early 
voyages to Central America and Mexico in con- 
nection with the expedition of Juan de Grijalva. 
According to the notes of the translator (Mauds- 
lay), Grijalva’s expedition left Cuba on April 8, 
1518, and returned to Cuba on November 15, 
1518. It reached the town of Tonalé by the Rio 
de Tonala (San Anton) in Vera Cruz on July 12, 
1518, and remained there from July 12 to July 20. 
We thus have definite evidence that orange seeds 
were planted in continental America between 
July 12 and July 20, 1518. 
7 Since we know that the orange must have 
appeared in continental America at about this 
time, we are probably justified in accepting Diaz’ 
statement as being fairly definite evidence of its 
first introduction into the country. 

It should be remembered, however, that 
the coast of Darien (Panama) was reconnoitered 
by Rodrigo de Bastidas as early as 1501, and that 
permanent settlements were made in 1509 by the 
Spaniards at Antigua, Nombre de Dios, and 
Uraba under the rival leaderships of Alonso de 
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Ojeda and Diego de Nicuesa. The Casa de Con- 
tratacion, organized in Spain in 1505 to promote 
the exchange of products and supplies between 
the Old World and the New World, was already 
in operation at the time of the 1509 voyages of 
Ojeda and Nicuesa, and it is probable that citrus 
seeds and possibly plants were taken by these 
expeditions and planted where settlements were 
made. It is not improbable, therefore, that earlier 
references to citrus plantings in continental Amer- 
ica than those now known may ultimately be 
found. 

The Spread of Citrus in the Americas.— 
The naturalist Oviedo y Valdéz (1547, libro viii, 
cap. 1), who was in Santo Domingo, Haiti, from 
1514 to 1525, wrote as follows: 


Orange trees from Castile were brought to this 
island of Hispaniola [Haiti], and they have multiplied 
so abundantly that now they are past counting; the fruit 
is very good, both the sweet and the sour. They grow in 
this city of Santo Domingo and all over the islands 
wherever Christians have their estates and gardens. And 
what is true here is equally true in the other islands, and 
also on the main land wherever there are settlements of 
Spaniards. . . . There are many lemon trees and limes, 
and many citrons, and as I have already said great quanti- 
ties of each; and the quality is uniformly ayade Andalusia 
itself has no superior (1851-1855 ed.). 


Slightly later, Gémara (1554, p. 457) also 
referred to oranges as having become abundant 
in Central America. He wrote: “Fruits of acid 
and juice such as oranges and sugar cane have 
multiplied abundantly.” 

In the first century after the discovery 
(about 1550), Acosta (1590, libro iv, cap. 31) also 
found citrus trees growing in abundance in the 
West Indies. In the quaint words of the Grimston 
translation of Historia natural y moral de las 
Indias made in 1604 he stated: 


As for those trees that have most aboundantly 
fructified, be orange trees, limons, citrons, and others of 
that sort. In some parts there are at this day, as it were, 
whole woods and forests of orange trees; and which 
seeming strange unto me, I asked who had planted the 
fields with so many orange trees? they made mee answer, 
that it did come by chaunce, for that oranges being fallen 
to the ground, and rotten, their seeds did spring, and of 
those which the water had carried away into diverse 
partes, these woods grew so thicke, which seemed to me 
a very good reason. I have saide that this fruite hath 
generally increased most at the Indies, for that I have 
not beene in any place but I finde orange trees, for that 
all their sayle [soil] is hote and moist, which this tree 
most desires. There growes not any uppon the Sierra 
or mountains, but they carry them from the vallies or 
sca coast. The conserve of oranges which they do make 
at the Hands is the best I have scene anie where.® 


® Quoted from the English Translated Edition of Edward Grimston, 1604, edited with notes and introduc- 
tion by Clements R. Markham (Hakluyt Society, London, 1850), Vol. 1, p. 265. 
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It is also interesting to note from this state- 
ment that a conserve, probably similar to marma- 
lade, was in use at this early date. | 

It was at about the same period that the 
principal citrus fruits were introduced into Brazil 
by the Portuguese. Navarro de Andrade (1933) 
quoted the following statement from the notes of 
Rudolpho Garcia on page 117 of the Historia 
gerai do Brazil, which was taken from a docu- 
ment of 1540: “On the island of Cananea and on 
the mainland (tierra firme) there have been prop- 
agated and grown many oranges, lemons and cit- 
rons and many other trees.” 

Fra Camillo Torrend, S.J., of the Colegio 
Antonio Vieira, Bahia, Brazil, stated'!° that the 
Jesuits arrived in Bahia in 1549, the first place in 
which they established themselves. The grounds 
surrounding their residences were soon trans- 
formed into beautiful orchards, which included 
many citrus trees. In a letter dated 1583,'' Fernao 
Cardim wrote: “The orchard of the college is 
planted with many spine trees (arvores de es- 
pinho), i.e. oranges, lemons, etc.” 

Similar statements with reference to the 
early dissemination of citrus in America, accord- 
ing to Gallesio (1811, p. 347), were made by 
Pisonis concerning Brazil and by Garcilaso de la 
Vega concerning Peru. Garcilaso (1609) was 
quoted as stating: “Before the Spanish conquered 
Peru it is certain one saw there neither . . . or- 
anges, citrons, sour or sweet, ... which grow in 
Spain. But one can say in truth that all these fruits 
and many others grow there today in abundance.” 

In the first half of the seventeenth cen- 
tury, the accounts of the Spanish and Portuguese 
voyagers contained many references to the spread 
of citrus in the New World. Quotations from 
some of these were given by Puente y Olea (1900) 
in his description of the work of the Casa de Con- 
tratacion. One of the most important references 
given is a quotation with reference to Peru from 
Bernabé Cobo, author of Historia del nuevo 
mundo, who wrote in 1653. Cobo stated: 


There are in this country all the varieties of 
oranges which there are in Spain; some with a thin skin, 
others called cageles, with a thick; some sweet, others 
sour; but all in brief large and heavy and filled with juice. 
... Sweet and sour limes and lemons of exceptional fra- 
grance grow to good size and are also very juicy. The 
large lemons, called the Royal are not so abundant as the 
small. The first oranges in this city of Lima were planted 
by one of its first inhabitants, a man named Baltasar Gago, 
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in his own garden a half league from the city, and there 
the first orange trees are still to be seen alive. When I 
first came to Lima there were no sweet lemons either in 
the city or elsewhere in the realm; but now in this district 
we have had them for twenty years; both the large 
lemons called the Royal and the smaller lemons with a 
heavy fragrance (Ceuties) and every day they are becom- 
ing more abundant.!* 


From the statements cited above—and 
many other similar statements could be given— 
it is clear that oranges, lemons, limes, and citrons 
had been distributed widely in the Americas by 
the middle of the sixteenth century and had be- 
come very abundant and even feral in some 
places. 


Africa 


Orange, Lemon, and Pummelo Reached 
Southern Africa, June 11, 1654.—The paths trav- 
eled by the various species of Citrus in their early 
march toward commercialization have been indi- 
cated in preceding sections. By the close of the 
fifteenth century the different species had reached 
almost all the tropical and subtropical sections 
of the Eastern Hemisphere except southern 
Africa. Here exact evidence of the date of their 
introduction and first fruiting was given in the 
daily journal of events kept by Van Riebeeck, the 
first governor of the Dutch colony at Capetown 
(see Leibbrandt, 1897; and Webber, 1925, p. 10). 
The first sweet orange trees were brought from 
the island of St. Helena by the ship “Tulp,” which 
arrived at Capetown on June 11, 1654, and were 
planted in the governor’s private garden. On July 
25, 1661, the first fruits produced by the trees 
from St. Helena ripened and were plucked and 
tested by the governor and found “to be good.” 
Meanwhile other trees had been received from 
India, and at this time (July, 1661) it was stated 
that there were 1,162 young orange, lemon, and 
pummelo (shaddock) trees growing in the gover- 
nor’s garden. (See also Webber, 1943.) 

The island of St. Helena was commonly used 
by the early voyagers to India as a stopping place 
for supplies and water, and evidently the orange, 
and perhaps other citrus trees, had been taken 
there from India and planted, as an intermediate 
point in their transfer to Europe. 


Australia 


Orange Introduced into Australia in 
1788.—Citrus was first planted in New South 


10 In letter to Dr. H. S. Fawcett, dated July 13, 1937. 

11 “‘Narrativa epistolar,” in Revista trimestra do Instituto Hist. e Geogr. Brasileiro, LXV (1902), 16. 

12 Cobo (1890-1895), II, 398. Quoted from a free translation made in 1934 by Professor George W. Hendry 
of the College of Agriculture, University of California at Berkeley, Calitornia. 
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Wales by the colonists of the First Fleet under 
Captain Arthur Phillip, who sailed for Australia 
in 1787 with instructions to introduce plants and 
seeds at his discretion (Bowman, 1955). At Rio de 
Janeiro, Brazil, where the expedition stopped for 
one month, the colonists purchased orange, lime, 
and lemon trees. On arrival at Port Jackson on 
January 26, 1788, the first work performed was 
the planting of the seeds and plants obtained in 
the voyage from England. According to Bowman 
(1955), oranges, limes, and lemons were flourish- 
ing at the end of the first year of settlement. 

Shortly after 1800, an orangery was begun 
at Seven Hills, which was to become the most 
famous grove of its day. By 1828, exports of or- 
anges and lemons weré being made from New 
South Wales to Van Dierhens Land (Bowman, 
1955). An 1828 catalogue of the Botanic Gardens 
at Sydney lists twenty-one varieties of oranges 
and mandarins as being grown, the mandarins 
indicating that trade had been established with 
China at an early date. The most interesting item 
on this list, however, is the Washington navel or 
Bahia orange, which had such a profound effect 
in stimulating the development of the citrus in- 
dustry in California, first fruiting in that state in 
1878. Coit (1915, p. 14) reports that this Brazilian 
variety “was grown commercially and was mar- 
keted under the name of Bahia, or Navel orange, 
as early as 1860.” 


INTRODUCTION OF CITRUS INTO THE 
UNITED STATES 


The Spread of Citrus into Florida 
and South Carolina 


Introduced into Florida About 1565.—The 
exact date of the introduction of citrus fruits into 
Florida is unknown. It is certain, however, that 
they were brought in by the early Spanish ex- 
plorers and colonists some time between 1513, 
when Ponce de Leén first landed in Florida, and 
1565, when St. Augustine, the first colony in 
Florida, was established. . 

The first reference to the occurrence of 
oranges in Florida appears in a statement by 
Pedro Menéndez to the Audiencia of Santo Do- 
mingo, dated at St. Augustine, April 2, 1579. He 
stated: “There are beginning to be many of the 
fruits of Spain, such as figs, pomegranates, or- 
anges, grapes in great quantity; there are many 
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mulberries from the mulberry trees produced in 
this same soil, etc.” 13 

From Menéndez comments, it would seem 
that oranges were being produced in abundance 
in St. Augustine in 1579, thirteen years after the 
arrival of the first settlers there. We are justified, 
therefore, in assuming that sour oranges, sweet 
oranges, and probably lemons, limes, and citrons 
were introduced in 1565, when the settlement was 
first established at St. Augustine. 

First Plantings in South Carolina Made 
Before 1577.—It is well known that oranges in 
small quantities have been grown for many years 
in South Carolina and Georgia, particularly on 
certain islands adjacent to the coast. It is there- 
fore interesting to know that Bartolomé Martinez 
in a letter to the King dated at Havana, February 
17, 1577, stated: “And what may be truthfully 
told to your Majesty is that in Santa Elena [Parris 
Island, South Carolina] I planted with my own 
hands grape vines, pomegranate trees, orange 
and fig trees; wheat, barley, onions, and garlic.” 1* 
Martinez had lived in Santa Elena until 1576. His 
garden therefore was planted before 1577, the 
date of his statement. 

It is clear from this evidence that citrus 
fruits were introduced into several sections of the 
southeastern United States in the latter part of 
the sixteenth century. 

Wild Orange Groves Developed in 
Florida.—The early settlers in Florida some two 
centuries later found wild citrus groves in various 
parts of the state, some of them many acres in 
extent, which are supposed to have developed 
from seeds dropped by the Indians, to whom 
fruits had been given. They were usually found 
on hammock lands near lakes or rivers where con- 
ditions were particularly favorable for their 
growth and in places where the Indians com- 
monly maintained villages. According to Harris 
(1875): 

The most extensive groves are on ser Lake, 
in the northern part of Marion County. . . . There are 
several hundfed acres of the finest wild orange grove 
around this lake that can be found anywhere. . . . The 
next largest groves are on Lakes Griffin and Harris in 
Sumpter County. There are also fine wild groves on 
Lakes Weir, Bryant, Panasoffkee, Jessup, George, and 
Apopka, and on. the Ocklawaha, Withlacoochee, St. Johns, 
Indian, and Halifax Rivers, and also in many other 


... there are wild orange trees in groves of from a few 
trees to several acres. 


18 Pedro Menéndez, ae a la Audiencia de Santo Domingo, San Agustin, 2 abril de 1579. Translated in 


Jeanette Thurber Connor, Colonia 
14 Bartolomé Martinez al Rey, La Habana, 17 
Colonial Records of Spanish Florida, 1, 245. 
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Adams (1875) stated: “The natural trees 
grow from 12 to 15 feet in height—not very large, 
interspersed with oak, hickory, bay, et cetera.” 

These wild groves were mainly of the sour 
and the bittersweet orange, but some of them 
avons the Indian River were of sweet orange, and 
in places in the southern part of the state the 
Rough lemon and the lime were also found grow- 
ing wild. 

The English Governor Grant in a procla- 
mation dated at St. Augustine, October 7, 1763, 
stated: “Oranges, lemons, limes and other fruits 
grow spontaneously over the country” (Fowler, 
1875). Evidently, therefore, wild groves or wild 
trees were well known at that time. 

Bartram (1791) in his travels in Florida, 
during 1774, saw and described numerous wild 
orange groves. In traveling down the St. Johns 
River in a small boat alone he sought high lands 
every night on which to camp and almost invari- 
ably found these locations to be wild orange 
groves interspersed with magnolia, oak, hickory, 
and bay trees. These locations also frequently 
gave indications, by the presence of shell mounds, 
roadways, or otherwise, that they had been used 
as Indian campgrounds. It would seem certain 
from such evidence that the Indians had recog- 
nized the value of oranges and in all likelihood 
had purposely scattered around their villages the 
seeds of fruits obtained from the white settle- 
ments. 

Bartram also mentioned the thriving town 
of New Smyrna “established by Mr. Turnbull on 
the Mosquito river” near the coast. He wrote: 


I was there about ten years ago [this would thus 
be about 1764] when the surveyor ran the lines or pre- 
cincts of the colony, where there was neither habitation 
nor cleared field. It was then a famous orange grove, the 
ig or south eaaaaae of a ridge, nearly half a mile 
wide, and stretching north about forty miles . . . All this 
ridge was then one entire orange grove, with live oaks, 


magnolias, palms, red bays and others. 


This grove was largely cleared by Turnbull and 
the land planted with indigo. 

When the senior author first visited New 
Smyrna in 1893, nothing remained of the early 
settlement but historic ruins. Following the fail- 
ure of Turnbull’s enterprise, the entire site grew 
up to great live oaks, magnolias, and palmettos, 
which in 1893 presented the appearance of a 

rimeval forest. Here and there in the forest, 
owever, One could trace the old drainage 
ditches, and find remains of the indigo vats con- 
structed by Turnbull, mute evidence to his early 
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enterprise. By 1893, a railway had been built 
through the forest, the modern village of New 
Smyrna had developed, and here and there the 
second forest had been cleared and fine orange 
groves established. Even as late as 1960, a few 
wild orange trees remained in the undeveloped 
sections of land cleared a second time. Bartram 
(1791) expressed regret that several of the fine 
wild orange groves on the St. Johns River were 
being cleared to establish indigo plantations. 

Spread of Cultivation in Florida.—About 
1809, a Spanish nobleman, Don Phillippe [sic], 
migrated to Florida and settled near what is now 
Safety Harbor in Pinellas County. He is said to 
have brought seed of grapefruit and other plants 
and to have set out a small grove of grapefruit 
trees, which is supposed to have been the first 
planted in the state (Hume, 1926, p. 95). Whence 
his seed of the grapefruit came, or the exact date 
of the planting, cannot now be determined. It 
does not seem that the seed could have come 
from Spain or Europe, for the grapefruit was not 
known there until much later. A citrus fruit 
grown in Jamaica in 1814 was known as the 
grapefruit, and perhaps Don Phillippe obtained 
his seed from that source. 
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Fig. 1-5. Old grapefruit tree in the Davy grove near 
Safety Harbor, Pinellas County, Florida. A sister of the 
original Duncan variety, this tree was said to have been 
planted in 1825. When this photograph was taken in 1932 
it was probably the largest citrus tree in the United 
States. 
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A. L. Duncan (1892), a pioneer grower of 
the same county, who named and introduced the 
Duncan grapefruit and no doubt carefully con- 
sidered its origin, in 1892 stated that “Phillippe 
fifty years ago planted seed [of grapefruit] which 
came from Cuba.” As the Duncan grapefruit was 
a seedling from one of Phillippe’s trees, it is prob- 
able that this statement about the origin of the 
seed and the date of planting of the Phillippe 
trees is approximately correct. 

Don Phillippe gave seed to his neighbors 
freely, and many of the old seedling grapefruit 
trees in Florida are supposed to have come from 
this source. One of the grapefruit trees planted 
by him was still living in 1925, according to 
Hume (1926), and in January, 1932, the senior 
author examined a very old grapefruit tree on the 
original Phillippe place which, so far as he could 
learn, was one of the original trees planted. 

Two grapefruit trees in a neighbor's grove 
which were seedlings from the Phillippe trees 
became famous, one for its great size and the 
other as being the original seedling of the Dun- 
can variety (fig. 1-5). 

Measured by the senior author and Dr. 
H. S. Fawcett in 1932, the trunk of the former 
tree one foot above the ground had a circumfer- 
ence of 95 inches and three feet above the ground 
a circumference of 66.5 inches. The height and 
spread of the top were approximately 45 feet and 
40 feet respectively. In its full vigor the top 
doubtless much exceeded these measurements. 
Hume (1926) stated that this tree had a branch 
spread of over 60 feet. 

Cession of Florida to the United States in 
1821 Stimulated Industry.—The development of 
the commercial citrus industry in Florida may 
be said to have started with Spain’s cession of 
the territory to the United States in 1821. Preced- 
ing this time, although trees had been grown by 
the Spanish settlers at St. Augustine, Picolata, 
and ea and although many wild groves 
had developed, there had been no commercial 
industry. Considerable progress, however, had 
been made by 1835, when a severe freeze greatly 
interrupted the development. According to D. J. 
Browne (1857, p. 63): 


The number of trees owned by different individ- 
uals, prior to 1835 varied from ten to fifteen hundred. 
Perhaps no person in Florida had more than the latter 
number in full bearing condition at the time of the great 
frost, which occurred on the 9th of February, of that 
year. There were many trees then to be found in St. 
Augustine which exceeded forty feet in height, with 
trunks from twenty to twenty-seven inches in diameter 
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[63 to 85 inches in circumference], and which probably 
were more than a century old. . . . Previous to 1835 St. 
Augustine produced annually from two million to two 
million five hundred thousand oranges which were equal 
in bulk to about fifteen thousand barrels. They were 
shipped to Charleston, Baltimore, New York, Boston, etc., 
9 pele brought from one dollar to three dollars per 
undred. 


Colonel F. L. Dancy (1875), a well-known 
pioneer orange grower, who was in Florida at the 
time of the great freeze of 1835, stated: “Trees a 
hundred years old were killed to the ground... . 
In the spring, however, the trees grew up from 
the roots, and in two years bore fruit once more.” 

Famous Early Orange Groves.—After the 
cession of Florida to the United States, Zephan- 
iah Kingsley, sugar planter, slaver, author, patriot, 
and alleged pirate, occupied Fort George Island 
at the mouth of the St. Johns River and in 1824 
dene a three- or four-acre orange grove, which 
ater became known as the Mays grove at Orange 
Mills. At about the same time he also planted the 
Rembert grove on Drayton Island. The trees were 
all sweet orange seedlings. D. J. Browne (1857, 
p. 63) stated: “The late Mr. Kingsley left upwards 
of six thousand bearing trees in 1843, all of which 
are on the St. John’s river.” During the 1890's, 
these were known as the oldest groves in Florida, 


the Mays grove being particularly famous. Hub- 
bard (1919) stated: 
There were three s of oranges in the original 


[Mays] grove, a round, full-colored orange not quite so 
fine flavor as Homosassa; a lighter-colored orange slightly 
flattened and not quite so sweet—an Azorean ; and a 
very sweet oblong orange known as the “Early Oblong” 
or ‘Sweet Seville.” . . . It would seem that most of the 
sweet seedling orange trees of Florida were propagated 
from seed from the Mays and Rembert groves. 


Another grove famous in the early history 
of Florida was the D. D. Dummitt grove on Mer- 
ritt Island, which according to Bass (1926), was 
started about 1830. If we may judge from the 
statements of old residents and from the fact that 
the oldest trees in the grove were on sour orange 
stocks budded from three to four feet high, Cap- 
tain Dummitt first top-worked wild sour orange 
trees that were growing on the place (fig. 1-6). All 
the oldest trees in the grove clearly showed the 
bud union. The senior author testified that the 
stocks were sour orange, for he carefully ex- 
amined sprouts from the stocks of several trees. 
This was probably the first instance of the work- 
ing over of a wild grove; the general practice of 
using such groves in this way did not start until 
about 1865 or 1870. The sweet orange to which 
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Fig. 1-6. Old orange trees in the D. D. Dummitt grove on Merritt Island, Florida, propagated about 1830. Left, the 
largest tree remaining alive in 1943. Right, trunk of one of the old trees showing union between stock and scion, three 
feet above the ground. (Photo by T. Ralph Robinson, 1926. ) 


the Dummitt trees were budded was taken from 
a grove near New Smyrna, and was doubtless a 
wild sweet orange tree. Bass stated that this was 
the beginning of the old “Indian River variety,” 
which later became famous. 

Bass reported that about fifty of the orig- 
inal trees were living in 1926, but when the senior 
writer visited the grove in 1932 the number had 
been greatly reduced. In 1967, only six of the 
original trees were still alive. 

The Speer grove at Sanford, planted in 
1842; the Dancy grove at Orange Mills, planted 
in 1859; and the Hart grove at East Palatka, 
planted in 1859, were famous forerunners of the 
large plantings that followed in later years. 

The early groves were situated along 
rivers, for the only means of transportation was 
by boat, and the methods of handling and ship- 
ping were crude. The advent of railways in the 
early 1860’s provided a means of quick transpor- 
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tation to the principal northern cities, and from 
that time on the development of the industry was 
rapid. 

The early plantings were of seedlings 
propagated from certain choice trees, but soon 
(beginning about 1870) the best seedlings were 
named as varieties and propagated by budding 
or grafting. For a number of years such native 
varieties were almost the only ones in use, but as 
the industry developed many foreign varieties 
were brought into the state. Imported varieties 
began to be offered as early as 1875 by such 
nurserymen as A. J. Beach and Sons of Palatka, 
but native varieties, selected and named in the 
state, have continued to dominate in Florida 
plantings. 

Top- Working Wild Groves.—The top- 
working of wild groves, which has been such an 
important factor in the development of the 
Florida industry, was started with the Dummitt 
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Fig. 1-7. Wild sour orange grove top-worked to sweet orange about 1875, frozen down in the winter of 1894—95, 
and sprouts from original stocks again budded. Carney grove, Lake Weir, Florida. ( Photo, 1932. ) 


grove in 1830 and was generally taken up be- 
tween 1865 and 1870. This practice was found so 
satisfactory and profitable that by 1892, when the 
senior author's study of the industry in Florida 
began, so far as could be learned there remained 
in the state only one unbudded wild grove, a 
small one, situated on the St. Johns River. It is to 
be regretted that one of the old groves was not 
maintained as a national monument, but this 
phase in the refinement of our national life de- 
veloped too late. A few of the top-worked wild 
groves still remain, though most of them have 
been either severely injured or wiped out by cold 
(fig. 1-7). 

Grapefruit Industry Originated in Florida. 
—One of the outstanding aspects of the citrus 
industry in Florida has been the development of 
grapefruit growing on a commercial scale. Else- 
where this fruit was considered to have no special 
value; it was grown only as a curiosity and al- 
lowed to rot on the ground. Gradually the resi- 
dents of Florida began to recognize that the fruit 
was refreshing and wholesome, and this know]- 
edge was slowly passed on to tourists from the 
North. The first fruit shipments were made to 
Philadelphia and New York some time between 
1880 and 1885. These are said to have netted the 
growers only about fifty cents per barrel, but soon 
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Fig. 1-8. Dead seedling orange trees in an orchard 
near Citra, Florida, as photographed by H. J. Webber 
on May 3, 1895, following the freezes of 1894-95. (Photo 


courtesy of U. S. Department of Agriculture. ) 
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the demand for the grapefruit became established 
and better prices were obtained. This was the 
beginning of the commercial grapefruit industry, 
an industry which now has extended to all suit- 
able citrus sectioris of the world. (See also Chap- 
ter 4, p. 540.) ., 

California and Florida Industries Com- 
pared.—Although citrus growing on a commercial 
scale began to be developed at abotit the same 
time in both Florida and California, the industry 


in Florida, prior to the great freeze of 1894-95 - 


(fig. 1-8), had made by far the more rapid prog- 
ress (Webber, 1896). The Florida crop of 1894- 
95, almost entirely destroyed by the record tem- 
perature drop of that winter, was estimated at 
over 6 million boxes, whereas thé crop of Cali- 
fornia for the same year was only 1.6 million 
boxes. Fourteen years passed before Florida again 
reached a production equaling the 1894-95 esti- 
mates. Meanwhile Calitornia had advanced to 
an average production of approximately 15 mil- 
lion boxes per year by 1908-09. 

Despite additional severe freezes in 1889, 
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1905, and 1917, the Florida citrus industry moved 
further south and developed rapidly. By the 
1924-25 season, Florida’s total production had 
advanced to slightly over 20 million boxes as com- 
pared to California’s 24 million boxes. More re- 
cent trends are indicated in Figure 1-9. Some of 
the year-to-year fluctuations in production were 
caused by the severe freezes of December, 1934; 
January, 1940; December, 1957; February, 1958; 
and December, 1962. 


The Spread of Citrus into Arizona 


It is interesting to note that the early his- 
torical records indicate that citrus fruits reached 
what is now the state of Arizona before settle- 
ments had been made in California, and that 
Arizona is thus an older citrus-growing section 
than California. Father Eusebio Kinos manu- 
script describing the exploration and establish- 
ment of the early missions in Lower California, 
Sonora, and Arizona, which was translated by 
Professor Herbert E. Bolton (Kino, 1919) of the 
University of California, supplies definite evi- 
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Fig. 1-0. Trends in citrus production in the four principal producing states of the United States. ( After Chart I, Cit- 
rus Summary, 1965. Fla. Agr. Statist., Fla. Dept. Agr., Tallahassee, Florida. ) 
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dence of the introduction of oranges into Arizona 
in the early days of the eighteenth century. 

The first mission established by Kino in 
Lower California in 1683 failed and was aban- 
doned, but those established somewhat later in 
northern Sonora (Mexico) and in southern Ari- 
zona flourished and developed an extensive and 
prosperous agriculture. In summarizing the con- 
ditions and the cultivations at the missions during 
the period from 1707 to 1710, Kino stated: 


There are many Castilian fruit trees such as fig 
trees, quinces, oranges, pomegranates, peaches, apricots, 
pear-trees, apples, mulberries, pecans, prickley pears, etc., 
with all sorts of garden stuff (Kino, 1919, vol. 2, p. 265). 


It seems certain from this statement that 
at the missions in Sonora and southern Arizona 
oranges were being successfully grown in the 
early days of the eighteenth century, and the 
date of Kino’s report, 1707, may be taken as ap- 
proximately the date of the introduction of or- 
anges into Arizona. It is quite certain that no 
citrus trees reached Alta California prior to the 
establishment of the first mission in 1769. 

Citrus growing in Arizona, however, for 
approximately two centuries was limited to scat- 
tered plantings of only a few trees in yards here 
and there for home use. It was not until the be- 
ginning of the twentieth century that small com- 
mercial groves began to appear. In 1965, there 
were an estimated 40,000 acres of citrus plantings 
in the state. 


The Spread of Citrus into California 


Establishment of Missions Extended Cit- 
rus Culture.—If definite records exist indicating 
when the first citrus seeds or trees were brought 
to California and planted, they have not yet been 
brought to attention. 

In 1767, the Jesuits were expelled from the 
missions in Baja or Lower California, and their 
possessions were placed in charge of the Fran- 
ciscans. Owing to a dispute between the Fran- 
ciscans and the Dominicans, a division of the 
property was made, and the Franciscans elected 
to develop the missions in Alta California. In 
1769, under the leadership of Fra Junipero Serra, 
they entered what is now California and founded 
the first of their missions at San Diego. Twenty- 
one missions were ultimately established in the 
coastal section of the state, forming a chain ex- 
tending northward as far as San Rafael. 

The missions necessarily were forced to 
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produce their own foodstuffs, and all but three of 
them maintained gardens and orchards. It is 
known that the Franciscans in beginning their 
settlement in Alta California got their supplies of 
seeds, plants, and domestic animals almost wholly 
from the missions in Baja California. Hence, what 
was included in their cultivations depended at 
first upon the products in cultivation and avail- 
able in the earlier settlements. 

Venegas (1757), writing in Mexico in 1739, 
mentioned the difficulty experienced in the suc- 
cessful cultivation of crops at the missions in 
Lower California owing to the lack of experi- 
enced gardeners. “The latter requirement was 
supplied in the person of Ugarte,” a trained gar- 
dener, so Venegas related, “who brought to the 
peninsula almost every kind of fruit tree growing 
in New Spain.” Venegas also quoted Clavigero 
as having stated that the orange was among the 
fruits grown in the mission gardens at that time. 

Clavigero’s manuscript (1852, p. 8), which 
was not published until 1789, contained the fol- 
lowing statement with reference to foreign plants 
cultivated in Baja California: 


Not all of the plants and fruit trees taken to Cali- 
fornia from various parts of Mexico have grown. In the 
few places where water is sufficient and the soil suitable 
for their respective cultivations, the following have pre- 
vailed: the sive lemon, orange, peach, pomegranate, fig, 
apple, guava, yellow sapota, watermelon, muskmelon, 
pumpkin (also squash), date palms, wheat, corn, rice, and 
various kinds of vegetables. 


It seems clear from these statements that 
both oranges and lemons were cultivated in the 
mission gardens of Lower California prior to 
1739, the year Venegas’ manuscript was written. 
By the time the Franciscan expedition which es- 
tablished the first California mission at San Diego 
in 1769 departed from the missions of Lower 
California, oranges and lemons must have been 
fruiting there, and it is very probable that orange 
and lemon seeds or plants were taken along, with 
grapes, olives, and other important products, for 
propagation in the prospective new settlements. 

Oranges Introduced into California in 
1769.—Apparently, therefore, the date of the in- 
troduction of citrus fruits into California may 
properly and safely be considered as 1769, the 
date of the establishment of the first mission at 
San Diego. 

The first definite mention of the actual 
presence of citrus fruits in California was that 
made by Vancouver (1798, vol. 2, p. 494), who, 
on his famous voyage of discovery, visited Mis- 
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Fig. 1-10. Mission San Buenaventura as reconstructed. 
(Sketch by R. E. Caryl, 1935. ) 


sion San Buenaventura (fig. 1-10) on November 
20, 1793.'° He stated: 


... yet the garden of Buena Ventura far exceeded 
anything of that description I had before met with in 
these regions, both in respect of the quality, quantity, 
and variety of its excellent productions, not only indige- 
nous to the country but appereining to the temperate as 
well as torrid zone; not one species having yet been seen 
or planted that had not flourished, and yielded its fruit in 
abundance and of excellent quality. These have prin- 
cipally consisted of apples, pears, plumbs, figs, oranges, 
grapes, peaches, and pomgranates, together with the 
plantain, banana, cocoa nut, sugar cane, indigo, and a 
great variety of . . . kitchen herbs, plants and roots . . . 
Here also grew great quantities of the Indian ng. or 
soared pear; but whether cultivated for its fruit only or 
or the cochineal I was not able to make myself thoroughly 
acquainted. 


Doubtless at this time orange trees of consider- 
able age could have been seen at several of the 
missions in southern California. 

As late as the 1870's, Taliesin Evans, a 
newspaper reporter, found evidence of the or- 
ange trees that had once flourished at Mission San 
Diego, Mission San Buenaventura, and Mission 
San Luis Rey (Evans, 1874). Evans, one of the 
earliest chroniclers of California citrus history, 
noted that the only living orange trees from the 
mission period were to be found at San Gabriel 
and at Old San Bernardino, where Mission San 
Gabriel established a rancho in 1819. Unfortu- 
nately, Evans does not elaborate on the trees at 
Old San Bernardino, and he is our only known 
source for their existence. 

That other citrus species were also taken 
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to California from the missions in Lower Cali- 
fornia is proven by a statement in Alfred Robin- 
son's Life in California (1846, p. 44). Robinson, 
who visited San Gabriel Mission in 1829, stated: 
“There are several extensive gardens attached to 
this mission, where may be found oranges, cit- 
rons, apples, pears, pomegranates, figs, and 
grapes in abundance.” 

First Orange Grove Planted.—The first 
orange grove of any size to be set out in Cali- 
fornia was planted in the garden of San Gabriel 
Mission. However, the early records of the Cali- 
fornia missions rarely mentioned fruits or prod- 
ucts and the exact date that the orchard was 
established is unknown. In 1884, William Spal- 
ding, a newspaper reporter, interviewed Father 
Joaquin Bot, the priest at the mission. Spalding 
(1885, p. 7) quoted Father Bot as fixing the plant- 
ing of the first orange orchard at about the year 
1804. Spalding attributed to Father Bot a state- 
ment that the distinction of planting this first 
orange grove in California belonged to Father 
Tomas Sanchez. 

However, there never was a Father Tomas 
Sanchez at any of the California missions, and it 
seems probable that Spalding was careless in his 
transcription of the interview. Records of the San 
Gabriel Mission (Englehardt, 1927) show that the 
only Father Sanchez stationed at the mission 
about the time the grove was planted was Father 
Francisco Miguel Sanchez, whose death occurred 
in July, 1803. Since Father Sanchez was in charge 
of Mission San Gabriel, he probably personally 
directed the planting of the first grove and at 
least a year or more earlier than reported by 
Spalding. 

According to Spalding, Father Bot be- 
lieved that the trees were propagated from seeds 
brought from San Rafael in Lower California. 
Spalding (1885, p. 7) added: 


Col. J. J. Warner our “oldest inhabitant,” settled 
in Los Angeles County in 1831. At the time of his com- 
ing the orange trees in the Mission garden were twenty- 
five or thirty years old, and had long been in bearing. 
This agrees with Father Bot’s calculation as to the time 
of their planting. 


In 1885, when the trees were approxi- 
mately eighty-two or more years old, Spalding 
(1885, p. 9) had this to say regarding them: 


The original orchard of Father Tomas [sic] San- 
chez, of blessed memory, still remains in the Mission 


15 Rev. Maynard Geiger, O.F.M., the leading Franciscan authority on the California missions, in a letter to 
the editor, dated August 7, 1965, states: “I have no recollection of the mention of citrus fruits prior to the Van- 


couver reference of 1798.” 
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psi at San Gabriel. It is a decrepit old patriarch still 
gering to witness the glory of its tribe. The inclosure 
comprises about six acres, and it is probable that 400 
trees constituted the original plantation. Of this number 
less than thirty survive. I wish that I could say that these 
trees, now more than 80 years old, remain in a fair state 
of preservation, but they do not. Few of the trunks are 
sound. Some of them appear half or two-thirds dead, and 
only a narrow margin o ‘ive bark and wood to keep vigor 
in the top. . . . One of the old trunks that I measured 
showed a girth of 42 inches near the ground. 


Some of the trees in this old orchard lived 
on for many years, but the last of them died of 
age and lack of care in the early years of the 
twentieth century. 


Early California Orange Groves.—While 
there are accounts of fruit trees such as pears, 
peaches, nectarines, apples, and pomegranates 
being cultivated on lands around Los Angeles, 
citrus orchards apparently did not become estab- 
lished outside the missions until after seculariza- 
tion in 1833. The mission fathers seem to have 
prized citrus highly. In 1877, Jose del Carmen 
Lugo (1950) of the San Bernardino rancho re- 
called that owners of fields could not obtain seeds 
of oranges and lemons from the missions, because 
the padres “refused to allow these fruits to be 
raised elsewhere than at their missions.” 

In 1834, Jean Louis Vignes, a Frenchman, 

rocured from Mission San Gabriel thirty-five 
e seedling sweet orange trees which he trans- 
planted to his place on Aliso Street in Los An- 
geles, and this number was gradually increased 
until he was the possessor of a sizable grove. This 
was the second orange orchard to be planted in 
California (Spalding, 1885, p. 7). 

According to ae (1902, p. 17), in the 
same year, 1834, a small planting was also made 
in Los Angeles by Manuel Requena.?® By this 
time the planting of a few citrus trees in gardens 
and courts for home use had become a common 
practice, but no groves had been planted to pro- 
vide fruit for sale. 

Next came the famous plantings of Wil- 
liam Wolfskill, a Kentucky trapper of German 
descent who came overland to Los Angeles in 
1831. His first trees, seedling sweet oranges, were 
obtained from Mission San Gabriel and were set 
out in 1841 on a small tract on the site occupied 
later by the old Arcade passenger station of the 
Southern Pacific Railway. Spalding (1885, p. 8) 
said that the orchard of William Wolfskill was no 
doubt the first to be planted in California with 
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an eye to profit. Since fruit from the Vignes grove 
was grown for home use and distribution ee 
friends, Wolfskill’s biographer, Iris Higbee Wil- 
son, considers her subject to have been the 
founder of California’s citrus industry (Wilson, 
1965, p. 13). | 

Wolfskill’s neighbors ridiculed him and his 
idea of growing oranges for sale, but with Ger- 
man tenacity and patience he maintained his 
trees and gradually extended his plantings. It was 
a hard struggle in the early years, but contrary 
to expectation the project paid, and the grove 
was gradually increased in size to twenty-eight 
acres and finally to approximately seventy acres. 
In later life Wolfskill reaped a rich reward. The 
last crop to be disposed of in his lifetime, from 
about twenty-eight acres of his grove, sold on the 
trees for $25,000. | 

At about the same time, in the early 1840's, 
the planting was begun of a grove that later be- 
came famous as the Don Benito Wilson grove, 
situated several miles north of Mission San Ga- 
briel and at one time a part of the mission prop- 


erty. 

While citrus culture was very slowly ex- 
tending, the great advances being made in the 
development of the United States were paving 
the way for the introduction of the orange into 
commerce. 

After the secularjzation of the missions in 
the 1830's, the early fruit industry began to de- 
cline, and when General Frémont visited Cali- 
fornia in 1846 he wrote that “little remains of the 
orchards that were kept in high cultivation at the 
Missions.” Some of the early settlers who had 
foresight enough secured certain of the mission 
orchards and maintained them and were thus en- 
abled later to reap a rich reward. 

Influence of Americanization and “Gold 
Rush.”—After the planting of the Mission San Ga- 
briel grove, the next great stimulus to the citrus 
industry came with the ceding of California to 
the United States. This transaction followed the 
Mexican War (1846) and the conquest of Cali- 
fornia by the United States, and was ratified by 
treaty in 1848. Almost immediately came the dis- 
covery of gold in the new territory, followed by 
the great “gold rush” of 1849, which swelled the 
population of California to undreamed of de 
tions and created a nearby lucrative market for 
all the fruit the existing groves could be made to 
produce. This was the real birth of the commer- 


16 Former California Governor J. G. Downey (1874) dated planting of this grove after the Wolfskill planting. 
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cial citrus industry in California. The fruit could 
be shipped by ocean freight to San Francisco and 
thence by water up the Sacramento, American, 
and Feather rivers to points near the mines. San 
Francisco became the great market for the indus- 
try and remained so for a period of three decades. 

Apparently, however, there was no great 
haste to take advantage of this opportunity. It 
required too long to produce a bearing grove and 
the persons who were ae in California were 
not commercially minded. The people coming in 
by the thousands were seeking wealth through 
the metal gold and not through the golden fruits. 
The reaction to the new conditions was therefore 
slow, but by providing a potential market the 
stimulation that was needed to expand the indus- 
try was created. 

In 1852, Don Benito Wilson purchased the 
small orchard that thereafter was known as the 
“Don Benito Wilson grove” and began to extend 
the plantings. In 1853, Mathew Keller began the 
planting of an orchard opposite the Wolfskill 
grove with seedlings grown from fruit obtained 
from Central America and Hawaii. 

In 1857, a small orchard was planted by L. 
Van Luven at Old San Bernardino with seedlings 
grown by himself and with other seedlings from 
Los Angeles. In 1869, L. F. Cram set out a small 
grove of some two hundred seedling trees near 
Highland (Brown and Boyd, 1922, vol. 1, p. 73). 
These last two orchards were important as mark- 
ing the extension of experimental culture into the 
interior valleys, unless one accepts the curiously 
meager testimony of Evans (1874) that orange 
trees were grown at Old San Bernardino in the 
mission period. 

The Cram orchard remained for many 
years a show place, but gradually the trees be- 
came badly infested with scaly bark and were 
largely dug out in 1928. One of the oldest trees 
in this planting remained until after World War 
II, but gradually deteriorated thereafter and was 
finally removed in 1961. As far as can be learned, 
it was the oldest and largest citrus tree in Calli- 
fornia when removed. Careful measurements of 
this tree made by the senior author in December, 
1926, gave the following dimensions: height, 33 
feet 5 inches; circumference, one foot above the 
ground, 59% inches; spread of branches, 30 feet 
(fig. 1-11). When felled in 1961, the tree measured 
39 feet in height. The stump remaining in 1965 
measured 25 inches in diameter two inches above 
ground level. 

In 1865, Myron H. Crafts set out a small 
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Figure 1-11. Old orange seedling on the L. F. Cram 
ranch, East Highland, California, planted in 1869. Until 


removed in 1961, it was probably the oldest and largest 
orange tree in southern California. ( Photo, 1930. ) 


orchard of some two hundred trees at Crafton. 
By that time it may be said that the citrus indus- 
try in the interior valleys had become reasonably 
well established. 

Four years later, F. A. Kimball planted a 
small orchard of orange, lemon, and lime trees 
at National City in San Diego County, apparently 
the first grove planting in that section of the state. 
According to Kimball (1897), there were at that 
time a few isolated trees near San Diego and in 
the San Luis Rey Valley. 

In 1867, according to the United States 
Department of Agriculture, there were in Calli- 
fornia 17,000 orange trees and 3,700 lemon trees, 
of which 15,000 orange trees and 2,300 lemon 
trees were in the Los Angeles region. 

Introduction of the Washington Navel Or- 
ange Stimulated Citrus Planting.—Riverside, a 
community that became famous in the early his- 
tory of citrus culture because of the Washington 
navel orange, was founded by Judge J. W. North 
in 1870, and the first citrus seed and trees were 
planted in 1871. 

The development of orange, lemon, and 
lime groves in the Riverside colony was very 
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Fig. 1-12. The “Mother Orange Tree” at Bidwell’s Bar, 

Butte County, California, a sweet orange seedling planted 

in 1856. In 1965, this was the oldest and largest orange 
tree in California. (Photo, about 1930. ) 
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rapid between 1871 and 1880, and the names of 
Dr. K. D. Shugart, A. J. Twogood, J. C. Waite, 
Sam McCoy, Josiah Cover, G. W. Garcelon, S. L. 
Wright, and Judge E. G, Brown stand out as im- 
portant pioneer growers. 

Here the Washington navel orange was in- 
troduced in 1873 and first fruited in 1878. (See 
Chapter 4, p. 484.) In a few years the variety had 
become so famous that citrus culture in Cali- 
fornia was greatly stimulated. 

A census of the citrus industry of Riverside in 
1880 showed that there were growing in the com- 
munity 17,038 orange trees, 3,199 lime trees, and 
2,480 lemon trees.’* It was thought at the time 
that the lime was likely to be more successful as 
a commercial fruit than the lemon, and limes were 
planted in all the developing citrus sections of 
the state. At this period Riverside contained the 
largest citrus plantings in the state other than 
those immediately around Los Angeles. 

The citrus trees planted during this period 
were largely seedlings grown from seeds taken 
from local trees, mainly from the orchard of Mis- 
sion San Gabriel, or from special fruits shipped 
in from Mexico, Hawaii, and Tahiti. Considerable 
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activity was manifested, however, in obtainin 
good varieties. Thomas A. Garey, who establish 

a nursery at Los Angeles in 1865 and who was 
one of the most outstanding of the pioneer nurs- 
erymen of California, introduced a large number 
of varieties during the period from 1868 to 1875. 
He is said to have received shipments of varieties 
and seed from Mexico, Central America, Austra- 
lia, southern Europe, and Florida, and through 
such famous nurserymen as Elwanger and Barry, 
of Rochester, New York, and Thomas Rivers, of 
Sawbridgeworth, England. His most outstanding 
orange importations were the Mediterranean 
Sweet and the Paperrind St. Michael, both of 
which were extensively planted in the early or- 
chards. He also named and introduced the Eureka 
lemon, which was from an exceptionally good 
seedling grown by C. R. Workman, a pioneer 
orange grower of Los Angeles (Garey, 1882). 

Extension of Citrus into Northern Califor- 
nia.—Meanwhile citrus growing had been devel- 
oping in the northern part of the state also. In 
1856, judge Joseph Lewis purchased three sweet 
orange seedlings from Jesse Morrill in Sacra- 
mento, and these were planted in the vicinity of 
Oroville in Butte County (Webber, 1927a, 1927b, 
1928). One of these trees was planted at the 
west end of the famous suspension bridge at 
Bidwell’s Bar and is still living and bearing large 
crops annually (fig. 1-12). It has come to be 
known as the “Mother Orange Tree” and is now 
apparently the oldest and largest living orange 
tree in California. In 1965, this tree was moved 
in good condition to a new site overlooking the 
Oroville Dam. Measurements made by an official 
committee on November 27, 1926, gave the size 
of the tree as follows: height, 33 feet 6 inches; 
spread of top, 31 feet 5 inches; circumference of 
trunk one foot from the ground, 66 inches (Web- 
ber, 1927a, 1927b). The success of these trees 
soon led to the planting of other trees in the 
vicinity. 

The visiting committee of the State Agri- 
cultural Society in 1858 (Transactions, p. 167) 
stated that they had found “oranges” and “citrons” 
in the ornamental garden of the venerable pio- 
neer General John A. Sutter, on the bank of the 
Feather River; also orange trees at Marysville 
that had endured the winters for two years. In 
the Transactions of the Society for 1872, the va- 
riety committee reported that they had found 
bearing orange and lemon trees in the garden of 


17 From data compiled by Albert S. White and printed in the Riverside Press and Horticulturist (see Brown and 


Boyd, 1922, Vol. 1, p. 512). 
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Judge Sexton at Oroville; a twelve-year-old or- 
ange tree in the garden of Mr. Glaucauf, likewise 
at Oroville, which had produced a crop of 400 
fine oranges during the year; and a tree at Bid- 
well’s Bar which had borne 1,500 fruits that year 
(the Mother Orange Tree when sixteen years 
old). 

The extent of citrus growing in northern 
California in the late 1870's is shown by the fol- 
lowing statement by Hoag (1879): 


Marysville, Sacramento, and many other cities and 
towns from San Diego to Red Bluff have large numbers 
of orange trees now in bearing. Contrary to general expec- 
tation the orange ripens from two weeks to one and one- 
half months earlier in nearly every locality north of San 
Francisco than in Los Angeles. 


In 1862, H. M. White planted two orange 
trees in Frasier Valley east of Porterville, Tulare 
County, which later formed the nucleus of a forty- 
acre orchard. The first orchard in this section was 
the A. R. Henry orchard at Porterville, which was 
set out in 1883. 

It thus appears that by 1870 many individ- 
ual trees and small orchards had been planted in 
all the principal citrus-growing regions of Calli- 
fornia, and the commercial industry, presently 
one of the most important horticultural industries 
of the state, could be considered as well estab- 
lished. Before this time stress had been placed 
mainly on the production of fruits for home use 
only. Fresh fruits were scarce and expensive; even 
a large share of the oranges consumed in the 
state were being imported. In 1866, San Fran- 
cisco, at that time much the largest city in Cali- 
fornia, imported some 3 million oranges from 
Mexico and the islands of the Pacific, whereas 
only 250,000 were received from the vicinity of 
Los Angeles. 

The rapid extension of fruit production in 
the late 1860's and the coming into bearing of 
many young orchards soon resulted in low prices, 
with no relief in sight. In 1862, there were about 
25,000 orange trees in the state, but by 1882 
bearing trees had increased to over half a million 
(Butterfield, 1963). Fruit industries languished 
and well-nigh perished. 

Completion of Transcontinental Railways. 
—The third great impetus to the extension of the 
citrus industry in California came in the late 
1870’s and early 1880’s with the completion of 
three transcontinental railways: the Southern 
Pacific Valley Line in 1876, making connections 
with the Central Pacific and Union Pacific to the 
East; the southern line of the Southern Pacific to 
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New Orleans in 1881; and the Santa Fe in 1885. 
These railways provided competing carriers for 
eastern shipments and had an immediate effect 
on the industry. 

The first carload of fruit to be shipped 
east from California was from the famous Wolf- 
skill orchard in Los Angeles and was sent to St. 
Louis in 1877. It is said to have arrived in good 
condition, though it was a month in transit. The 
freight charge on this car of three hundred boxes 
is said to have been $500. 

In 1881, the Southern Pacific, owing to the 
approach of competing lines, cut the rate on car- 
load lots from Los Angeles to Chicago from $650 
to $350, with similar reductions to intermediate 
points. The first carload shipment from any point 
in the state other than Los Angeles was probably 
that made from San Bernardino by G. W. Garce- 
lon and A. J. Twogood of Riverside in 1882. This 
was a mixed car of oranges and lemons sent to 
Denver. 

According to ee (1922), the first spe- 
cial train loaded exclusively with oranges “left 
Los Angeles February 14, 1886, via the Southern 
Pacific and Union Pacific railways, consigned to 
some eastern point.” 

By the following year, ventilated boxcars 
were carrying oranges across the continent to 
New York. The refrigerated boxcar made its ap- 
pearance in 1889. A. T. Hatch, a pioneer in re- 
frigeration, reported that merchants at first 
viewed the fruit dubiously and commented that 
it would “all fall to pieces and decay as soon as it 
was taken from the refrigerators.” In 1892, five 
carloads of fruit were shipped by the California 
Fruit Transportation Co. to New York and 
transferred to steamers for a fourteen-day voyage 
to Liverpool and London. Great crowds attended 
the fruit sale in London, and out of the first ship- 
ment some samples were sent to Queen Victoria, 
who “pronounced them palatable.” (See Calif. 
State Board Hort., 1892, p. 330-31.) 

Railroad transportation to eastern markets 
played a significant role in stimulating expansion 
of the California citrus industry. In 1908-09, over 
15 million boxes of citrus were shipped east by 
rail. In the 1924-25 season, California produced 
about 24 million boxes of citrus. Subsequent 
trends in the growth of. California's citrus indus- 
try are indicated in figure 1-9, page 23. It will 
be noted that there was a decline in production 
after World War II, primarily resulting from 
urban encroachment on citrus orchard land in the 
Los Angeles basin. 
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The Spread of Citrus into Texas 
and Other States 


The Gulf States.—In the other continental 
sections of the United States, where citrus fruits 
are now being grown commercially, the industry 
is of relatively recent origin. Individual trees have 
for many years been grown in gardens in various 
sections of the states adjoining the Gulf of Mexico 
and even as far north as Charleston, South Caro- 
lina, but it is only within the last sixty years that 
important commercial plantings have appeared 
in any of these regions. 

In the 1880's, small commercial plantings 
were made in Louisiana, mainly in the Delta 
region below New Orleans. In certain sections of 
the Gulf States, small plantings of the hardy sat- 
suma orange were made as early as 1890, but 
these were largely killed by the freezes of 1894— 
95 and 1899. Planting was gradually resumed, 
and the industry became rather widespread, par- 
ticularly in the southern sections of Alabama and 
Louisiana and along the Gulf Coast section of 
Texas in the vicinity of Houston and Beaumont. 
Then came the freeze of 1916-17, which destroyed 
thousands of acres of citrus groves in Alabama, 
Texas, and other Gulf States. 

In 1910, the United States census report gave 
for Texas a total of 833,406 citrus trees, which 
were mainly satsumas in the Houston and Beau- 
mont districts, and in 1915 Webber (1929) re- 
ported the existence of a flourishing industry in 
those sections, even though an intensive fight for 
the control of citrus canker was in progress. The 
freeze of 1916-17 destroyed most of these groves 
and by 1920 the census report showed only 123,- 
951 citrus trees in the state. Meanwhile, the indus- 
try had moved farther southward, and the trees 
reported were mainly in a new section, the lower 
Rio Grande Valley. 

Commercial plantings in the lower Rio 
Grande Valley of Texas were begun about 1910. 
These expanded very rapidly so that there existed 
a total of about 116,000 bearing acres in 1948 
that produced over 28 million boxes of citrus in 
the 1947-48 season. A series of devastating freezes 
in January, 1949, in December, 1950, and in Jan- 
uary, 1951 eliminated about three-fourths of the 
total acreage and reduced production in the 
1951-52 season to about one-half million boxes. 
By the 1960-61 season, production had recovered 
to more than 10 million boxes, but other very 
severe freezes in January, 1962 and January, 1963 
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reduced production in the 1962-63 season to a 
few per cent of the 1960-61 level (see fig. 1-9, 
page 23). In spite of these discouraging setbacks, 
the industry was again being replanted in 1965 
on a modest scale and a 3 million box crop was 
estimated. 

The plantings of satsuma in the other Gulf 
States, mainly Alabama, Louisiana, and northern 
Florida, totalled about 12,000 acres in the early 
1940’s, but a series of severe freezes in the two 
decades following World War II all but climi- 
nated these plantings. The only commercial cit- 
rus remaining (about 2,000 acres) is in the delta 
area south of New Orleans in Louisiana, most of 
which was non-bearing in 1965, having been re- 
planted after the freezes of 1961 and 1962. 

Hawaii and Puerto Rico.—The orange was 
introduced into Hawaii in 1792 by Captain 
George Vancouver, and other kinds of citrus have 
been cultivated in the fiftieth state for more than 
a century. Production of citrus for export reached 
a peak during the period from 1840 to 1870, and 
since that time citrus plantings have declined be- 
cause of the development of the more remunera- 
tive sugar, coffee, and livestock industries (Pope, 
1934). 

Many of the early citrus varieties planted 
in California in the 1850's were imported from 
Hawaii. For several decades in the nineteenth 
century, oranges were a leading export product 
from the Kona District on the island of Hawaii. 
Citrus is still grown in a number of localities of 
Hawaii for domestic consumption, but total pro- 
duction in 1961 amounted to only 19,400 boxes. 
Over 90 per cent of the 14 million pounds of 
fresh citrus consumed in Hawaii in 1961 was 
shipped from the mainland. Some excellent citrus 
studies have been published by the Hawaii Agri- 
cultural Experiment Station, situated at Honolulu. 

Citrus was introduced into Puerto Rico by 
Spanish explorers and settlers very early in its 
history. Prior to World War II, Puerto Rico pro- 
duced considerable quantities of grapefruit for 
export to the United States. Grapefruit exports 
reached a peak of 672,000 boxes annually in the 
1927-31 period, and total citrus production was 
in excess of 2 million boxes. 

Puerto Rico now produces citrus primarily 
for domestic use. Total production of the self- 
governing commonwealth in 1961-62 consisted 
of about 1 million boxes of oranges and less than 
400,000 boxes of grapefruit (see chap. 2, table 
2-1, pp. 42-43). 
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Fig. 1-13. Citrus propagating techniques were depicted in Sterbeeck’s Citricultura in 1682. 
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Fig. 1-14. This plate titled “Insect Pests of the Orange and Lemon” appeared in Volckamer’s Niirnbergische Hes- 
perides (Vol. 1, 1708). Although positive identification cannot be made on the basis of the illustration, the scale shown 
most nearly resembles Saissetia hemisphaerica (Targioni) or possibly Coccus hesperidium L. 
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ORIGINS OF CITRUS RESEARCH AND 
TECHNOLOGY 


Prior to the nineteenth century, horticul- 
tural techniques and methods of disease control 
in citrus culture were left largely to the orchard- 
ist, whose knowledge had been handed down 
from a remote past. The orchardist might apply 
surprisingly sophisticated techniques in propa- 
gation (fig. 1-13) or frost protection (crude 
smudging was practiced for hundreds of years 
in parts of Europe) and yet in ensuring good 
crops still rely chiefly on magic and superstition 
(Coit, 1915; Fawcett, 1936). 

Even an educated citrus grower of the 
seventeenth century, acting on information from 
Ferrari (1646), might have solved his tree disease 
problems by “burying a dead dog near the roots.” 
Nor would a later grower have been likely to 
learn anything aeefal from the early recognition 
and depiction of citrus pests (fig. 1-14) in Volck- 
amer’s Nirnbergische Hesperides (1708-14). In 
1719, a puzzled Leeuwenhoek first observed two 
embryos in orange seeds, but it wasn’t until 1878 
in Germany that Strasburger industriously fol- 
lowed up this clue to formulate the theory of 
polyembryony. 

The systematic study of citrus occurred 
earliest in the field of botany. Ferrari (1646), 
Jonstonus (1662), and Volckamer (1708-14) paved 
the way by illustrating and describing many cit- 
rus varieties in their works. Then, following Lin- 
naeus' development of a classification system, 
scientific botanical research was swept along by 
the collecting fervor of the eighteenth and early 
nineteenth century botanical explorers. The first 
comprehensive account of the orange subfamily 
was published by Augustin P. de Candolle in 
1824. 

Other areas of scientific citrus research and 
horticultural experimentation did not receive their 
impetus until the mid-nineteenth century, how- 
ever, and prior to that time only chance discov- 
eries were made and disconnected investigations 
pursued. Notable advances in such fields as citrus 
pathology had to await the death-blow that was 
given the theory of spontaneous generation by 
Tyndall and Cohn in 1830 and the growth of a 
commercial citrus industry of economic impor- 
tance (Fawcett, 1936, 1941). 
| The active period in plant-disease investi- 
gations began about 1880 after Burrill (1878) 
proved for the first time that bacteria could be 
a cause of plant diseases. The accidental dis- 
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covery of the Bordeaux mixture in France by 
Millardet in 1882 touched off activity in spraying 
for plant diseases and what one botanist referr 
to as the “squirt-gun period” of plant pathology. 
In Italy, G. Izenga as early as 1864, Penzig in 
1882, and Savastano beginning about 1884 were 
publishing descriptions of citrus diseases and 
fungi (Fawcett, 1936, 1941). _ 

But it was inevitable that crop-oriented 
research would gather momentum in the United 
States, where in Florida and California two gigan- 
tic commercial industries began developing in 
the 1870's and 1880's, stimulated by the advent 
of the transcontinental railroads. A pioneer period 
of citrus research blossomed—an era character- 
ized by the enthusiastic cross-pollination of ideas 
among research scientists of the universities and 
U.S. Department of Agriculture, members of 
horticultural societies and state boards of agri- 
culture, enterprising nurserymen, and a learned 
breed of growers, who often pioneered experi- 
ments in their own orchards. 

Although the Florida industry was older, 
experimentation had its headstart in California, 
where as early as 1858 the State Agricultural So- 
ciety revealed an interest in citrus problems 
(Anonymous, 1858). Sometime around 1869, cot- 
tony-cushion scale was imported to California 
on Australian acacia trees and within a decade 
was spreading through orchards and threatening 
to doom the young industry. Two years after the 
establishment of the California State Board of 
Horticulture in 1883, the first American quar- 
antines were being invoked at sea ports by W. J. 
Klee, state fruit inspector. As the disease spread, 
D. W. Coquillet, an entomologist, set up one of 
the first citrus field laboratories on the Joseph 
Wolfskill ranch in 1886, where he privately con- 
ducted the first geet with hydrocyanic 
gas fumigation (Wilson, 1965). Klee carried out 
similar experiments for the state, and more suc- 
cessful endeavors in fumigation were conducted 
in 1887 by F. W. Morse of the University of Cali- 
fornia (Woodworth, 1915). 

The dramatic breakthrough of control on 
cottony-cushion scale came in 1889 when Albert 
Koebele of the U.S. Department of Agriculture 
returned from Australia with the Vedalia or lady- 
bird beetle, a parasite of the scale. Released in 
great numbers in California, the ladybird beetle 
was so successful in eradicating the pest as to 
provide one of the most spectacular demonstra- 
tions of biological control in agricultural his- 
tory (Rasmussen, 1960). The achievement focused 
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Fig. 1-15. This photograph taken on May 23, 1895 
shows a row of orange trees that were protected during 
the great Florida freeze of 1894-95. The freeze led to the 
abandonment of the Subtropical Laboratory at Eustis, 
Florida. (Photo courtesy of the U. S. Department of Agri- 
culture. ) 


attention of California and Florida growers on the 
benefits of agricultural research. 

California’s citrus problems were magni- 
fied by its distance from the eastern markets, and 
it was there that the first totally cooperative 
citrus exchange, the Pachappa Orange Grower's 
Association, was established in 1892. The growth 
of such cooperatives as the California Fruit Grow- 
ers Exchange and the Florida Citrus Exchange in 
the late nineteenth century made possible or- 
derly marketing, and the co-ops served as focal 
points for growers in lobbying for their needs, 
thereby further mau s research on pressing 
cultural and shipping problems. 

Meanwhile in Florida, growers began 
working cooperatively after the organization of 
the Florida State Horticultural Society in 1888. 
In 1889, the Florida Agricultural Experiment Sta- 
tion at the University of Florida was established 
with J. Kost as the first director. By the 1890's, Dr. 
P. H. Rolfs of the experiment station and Dr. H. 
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G. Hubbard of the U.S. Bureau of Entomology 
were studying scale insects in Florida orchards 
(Rolfs, 1935). 

Fresh from its triumph in California, the 
U.S. Department of Agriculture turned its atten- 
tion to the problems of Florida citrus growers. One 
of the most significant events in the industry’s 
history was its establishment of the Subtropical 
Laboratory at Eustis, Florida, in 1892. Here two 
young researchers, H. J. Webber and W. T. 
Swingle, for the first time studied and described 
such diseases as blight, dieback, foot rot, scab, 
melanose, psorosis, and others, making some prog- 
ress in methods of control. They performed pio- 
neer work in citrus breeding and originated and 
named the first varieties of the important new 
vies known as tangelos and citranges. They 
also first called attention to the possibility of 
controlling the white fly and certain scale insects 
by the use of parasitic fungi (Webber, 1937). 

The great Florida freeze of 1894-95 set 
that industry back many years (fig. 1-15), and re- 
sulted in the recall of Swingle and Webber to 
Washington, D.C., and the abandonment of their 
laboratory. It also brought about increased inter- 
est in frost protection and one of the pioneer 
studies in this field was conducted in 1895 by 
the Riverside Horticultural Club and the USS. 
Weather Bureau. Numerous smudging devices 
were tested and the burning of coal in wire bas- 
kets was settled upon. Although Charles Froude 
had introduced the first oil heater in the 1890's, 
it was not until after 1900 when oil became 
cheaper as a fuel that it was universally em- 
ployed (Coit, 1915). 

By the start of the twentieth century, nu- 
merous scientists were pursuing investigations 
connected with citrus in the Mediterranean coun- 
tries, South Africa, Japan, India, Australia— 
wherever citrus was grown commercially. The 
economic importance of the crop was indicated 
by the development of unique institutions ori- 
ented toward citrus research such as the Florida 
State Citrus Experiment Station, Lake Alfred, 
founded in 1919; the Research Institute for Citrus 
and Subtropical Fruits, Nelspruit, South Africa, 
established in 1927; and the University of Cali- 
fornia’s Citrus Experiment Station, now the Citrus 
Research Center and Agricultural Experiment 
Station. 

The Citrus Experiment Station was estab- 
lished in 1907 by the Regents of the University 
of California. The institution consisted initially 
of a pathological laboratory in Whittier and an 
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Fig. 1-17. The University of California Citrus Research Center and Agricultural Experiment Station in 1965. (Photo 
by Ken Middleham. ) 
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agricultural experiment station on the slopes of 
Mount Rubidoux in Riverside (fig. 1-16). Dr. 
Ralph E. Smith served as head of both facilities. 
In 1913, Dr. H. J. Webber became the first man 
to hold the title of director and began shaping 
the policies and selecting the staff that were to 
give the Citrus Experiment Station worldwide 
influence in citrus research. Purchase of the pres- 
ent Riverside site made possible an enlarged cit- 
rus experiment station that combined both the 
Whittier and Mount Rubidoux staffs. The first 
and main building was completed in 1918. The 
broadening of its scope through the years led to 
the institution being renamed the Citrus Research 
Center and Agricultural Experiment Station in 
1961 (fig. 1-17). After more than a half century 
of distinguished service in the advancement of 
science and citrus technology, it continues to be 
the most prolific single center of research con- 
cerned with citrus problems. 


RECENT DEVELOPMENTS 


The writers have endeavored in the pre- 
ceding sections to place the spread of the. cul- 
ture of citrus fruits in broad historical perspec- 
tive, emphasizing the always interesting and 
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sometimes romantic relation of citrus to the for- 
ward march of civilization. In this final section, 
it appears appropriate to comment briefly on 
some of the more recent trends and the apparent 
forces behind them. 

Modern production trends in the principal 
citrus areas of the United States are indicated in 
figure 1-9, page 23. The fluctuating but upward 
trend shown is fairly typical of several other 
leading citrus-growing countries. Projections 
made in 1967 suggest that Florida’s production 
alone—barring adverse weather—could exceed 
225 million boxes, and total U.S. production could 
exceed 350 million boxes by 1970-71. 

Beginning around the turn of this cen- 
tury, citrus culture entered a period of relatively 
rapid expansion in many parts of the world in 
response to an increasing market demand in the 
more advanced countries. Some of the major driv- 
ing forces behind this market expansion were in- 
creases in population, rising standards of living, 
and the improvement of worldwide communica- 
tions resulting from the very rapid extension of 
railroad, automobile, air, and steamship transport 
systems. Improved market quality due to the de- 
velopment of refrigerated ships, railroad cars, 
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Fig. 1-18. Trend in utilization of Florida oranges during the period 1935-36 through 1964-65. (After Chart 4, 
Citrus Summary, 1965, Fla. Agr. Statist., Fla. Dept. Agr., Tallahassee, Fla. ) 
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and trucks contributed strongly to a rise in per 
capita consumption in many countries. Better 
citrus varieties and improvement in cultural, 
handling, and shipping methods also contributed 
greatly to reducing fruit costs and enhancing 
fruit appearance. The discovery of Vitamin C and 
its importance in the human diet did much to 
change consumer attitudes toward citrus. In the 
United States at least, widespread advertising, 
emphasizing the nutritional value of the high 
Vitamin C content of citrus, gradually changed 
the popular image of citrus from a luxury to a 
basic health food. 

The most spectacular and far-reaching 
technological change in recent citrus history is 
the development of frozen and hot-pack citrus 
juice concentrates, which began to be marketed 
in quantity about 1948. These new products have 
had a worldwide impact on per capita consump- 
tion, although to date the Florida orange industry 
has experienced by far the greatest transforma- 
tion as a result. 

The data summarized in figure 1-18 show 
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that immediately prior to World War II only 
about 20 per cent of the Florida orange crop was 
processed, but that by 1963 almost 80 per cent 
was processed. During the 1935-40 period, Cali- 
fornia processed about 12 per cent and Texas 
about 1 per cent of their orange production. By 
the 1960-65 period, these states were processing 
about 28 and 32 per cent of the crops, respec- 
tively. 


Thus, the recent history of the United 
States orange industry provides an excellent ex- 
ample of the vital, indeed almost revolutionary, 
impact that research can have on an agricultural 
industry. Currently, processing research in the 
citrus industry is proceeding at an accelerating 
tempo. Without doubt, other new products—both 
natural and synthetic—will have a strong influ- 
ence in molding the trends in world citrus plant- 
ings in the 1970's and 1980's. Similarly, improved 
varieties and new production, harvesting, and 
handling technologies will have various impacts 
on the future industry. 
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CHAPTER 2 


The Commercial Citrus 


Regions of the World 


Cas is grown worldwide in those regions 
suitable to production. In 1962, the total world 
production of commercial citrus fruits was ap- 
proximately 590 million boxes, including 470 mil- 
lion boxes of oranges and mandarins, 60 million 
boxes of lemons and limes, and 50 million boxes 
of grapefruit. Nearly a quarter of these world 
supplies entered international trade. 

Since high prices in the recent past stimu- 
late new plantings, citrus has always been grown 
by “men walking backward.” Perhaps this is as it 
should be; the view forward for citrus is always 
very limited. Yet one thing appears certain: citrus 
will remain a major fruit crop and an important 
part of diet in a vitamin-conscious, rapidly de- 
veloping modern world. 

Considering population growth and im- 
proved economic conditions in the major markets 
of North America and western Europe, the 
world’s citrus supply has not increased greatly 
in terms of demand potential. However, the past 
twenty-five years has been the era of industrial- 
ization for citrus. Citrus byproducts have emerged 
as a dominant feature of the industry. The new 
utilization patterns created by industrialization 
and expansion of the world market for citrus by- 
products will undoubtedly contribute to increas- 
ing the ain of citrus grown in the future. 

is chapter presents a general view of the 
citrus industry and its ever-changing role in 
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world agriculture. Topics discussed include 
worldwide distribution of plantings and climatic 
limits, citrus quality and utilization patterns, Ce 
duction of citrus byproducts, and world markets 
and seasonal trade. The bulk of the chapter is de- 
voted to specific descriptions of the citrus indus- 
tries of forty-two countries. 

Where sources are omitted from tables, 
data was compiled by the U.S. Department of 
Agriculture or represents information supplied to 
the author by official, consular, and trade sources. 
Unless otherwise credited, all maps were pre- 
pared by the Foreign Agriculture Service and the 
Economic Research Service of the U.S. Depart- 
ment of Agriculture, and use place names ap- 
proved by the Board on Geographic Names, U.S. 
Department of the Interior. 

The common names of citrus pests used 
are in accordance with the approved list of the 
Entomological Society of America and Walter 
Ebeling’s Subtropical Fruit Pests (1959). Nearly 
all citrus varieties referred to will be found de- 
scribed in greater detail in Chapter 4. 

In tables presenting the juice character- 
istics of citrus, total soluble solids are expressed 
in terms of the Brix measurement. Brix is a meas- 
ure of the per cent of sucrose in a pure sucrose 
solution. In practice, the Brix measurement is 
used as an approximation of the per cent of total 
soluble solids (largely sugars, organic acids, and 
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salts) in the juice. In orange juice, sugars nor- 
mally account for about three-quarters of the 
total soluble solids. In many cases, the original 
data cited expressed juice content in terms of 
volume-over-weight or volume-over-volume, but 
the data presented are converted to a uniform 
weight-over-weight or percentage basis. In a few 
cases, similar conversions were necessary in pre- 
senting the per cent citric acid content of juice. 
Brix is expressed in all tables in degrees, with one 
meg Brix approximating one per cent soluble 
solids. 


THE WORLD CITRUS BELT AND CLIMATE 


Citrus is grown throughout the world in 
tropical and subtropical climates where there are 
suitable soils and sufficient moisture to sustain 
the trees and not enough frost to kill them. The 
vigor of citrus trees, their growth cycle, and the 
quality and quantity of fruit produced vary 
greatly according to climate. 

The citrus belt of the world and the wide 
range in latitude over which it is possible to grow 
citrus fruits are shown graphically in figure 2-1. 
The citrus-producing regions occupy roughly a 
belt extending around the world which follows 
the equator and spreads on either side of it ap- 


proximately 35° north lattitude to 35° south lati- 
tude. 
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In subtropical climates such as the Medi- 
terranean and California, where there are definite 
seasons, the rhythm of blossoming and growth 
is controlled by temperature. Humidity in such 
regions is low, and considerable change in tem- 

erature occurs daily, particularly in the spring 
and fall. These are also the climates of frequent 
local frosts and occasional severe freezes. 

Under subtropical conditions, the trees are 
dormant in the winter season and blossom and 
grow in the spring. Oranges attain the natural 
orange color when mature. Trees are usually vig- 
orous with good leaf population, and high fruit 
yields can be obtained. Some of the finest quality 
table oranges and most acid lemons are grown in 
the non-humid, irrigated subtropical areas. 

In the distinctly tropical areas of the world 
near the equator (approximately between 15 de- 
grees north and south latitude), citrus is grown 
largely for local consumption. Very little is pro- 
duced for export either as fresh fruit or processed 
products. 

In the tropical areas, warm temperature pre- 
vails throughout the year and is associated with 
more rapid growth and maturation of the fruit 
and a very short harvest period for optimum juice 
quality as compared to subtropical areas. The 
lack of appreciable temperature seasonality is 

(Text resumes on page 44) 
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Fig. 2-1. The citrus belt of the world. 
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42 Table 
ESTIMATED WORLD CITRUS PLANTINGS, PRODUCTION, QUALITY, 





Planted Citrus Area - Citrus Production 
(In Thousand Acres) (In Million Boxes) 
a Lemons 
an and Total 
Country Total Commercial § Mandarins Limes Grapefruit Citrus 
North and Central America: 
British Honduras 7 5 l ae t 1 
Cuba 12 5 3 Beg + 3 
Dominican Republic 5 1 ste t t 
Jamaica 12 8 2 ad 1 3 
Mexico 248 100 20 2 t 22 
Panama 6 1 l l 
Puerto Rico 6 2 1 } 1 
Trinidad and Tobago 20 10 t ° 1 2 
United States 811 750 138 17 43 202 
Total 1,127 882 166 19 45 235 
Mediterranean Area 
Algeria 84 40 10 t . 11 
Cyprus 15 10 1 t t 2 
Egypt 70 10 10 1 11 
Greece 85 60 7 3 10 
lran 10 1 l a 1 
Israel 84 75 13 1 2 16 
Italy 300 250 28 14 42 
Lebanon 25 20 3 1 4 
Morocco 125 100 14 t t 15 
Portugal 35 5 4 t 4 
Spain 300 250 52 3 t 55 
= hb l 1 t . t 
unisia 12 10 2 1 3 
Turkey 82 30 8 2 10 
U.S.S.R. 24 5 l Sit 1 
Yugoslavia | ote Ze Su = 
Total 1,253 867 154 26 2 185 
Far East: 
Communist China 250 25 13 ee 13 
India 225 50 7 8 + 16 
Japan 220 150 35 ’ eset 35 
Malaya 10 1 1 st eee 1 
Pakistan 40 2 4 l t 5 
Philippines 8 ] 1 oe 1 2 
Taiwan (Formosa) 10 l 1 sake ng 1 
Total 763 230 62 9 1 73 
South America: 
Argentina 215 81 23 3 l 26 
Bolivia 25 3 4 1 5 
Brazil 110 50 25 sie 1 26 
Chile 22 10 1 1 Sis 3 
Ecuador 20 2 4 1 ive 5 
Paraguay 15 2 4 sei see 4 
eru 10 4 1 t e 2 
Surinam 4 2 } . ° t 
Uruguay 3 1 2 t : 2 
Venezuela 30 1 5 . bf 6 
Total 454 156 69 6 2 79 
Other Southern Hemisphere: 
Australia 60 50 5 1 t 6 
Cook Islands 1 1 . du ne bf 
Mozambique 3 1 t seed t t 
New Zealand 2 1 : if . t 
South Africa 72 60 12 + ] 14 
Southern Rhodesia§$ 5 3 1 base ae 1 
Swaziland 3 2 + see ° ¢ 
Total 146 118 18 1 1 21 
World Total 3,743 2,243 469 61 5] 5931 
yi Production less than 100,000 boxes. { Final citrus total includes citrus varieties other than 
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UTILIZATION, AND ORANGE SEASON IN 1961-62 


Suitable 
for 
Export 


0.1 
0.5 


04 
4.0 
0.1 
e 





14.3 
281.8 


Quali 


Suitable 
for 


Products 


1.0 
2.0 
® 
1.5 
6.0 
0.2 
0.5 
1.0 
150.0 


162.2 





of Citrus 
(In Million Boxes) 


Total 
Harvested 


Domestic 
Consumption 


TA 


——$———— 


252.2 





Citrus Utilization 
(In Million Boxes) 


Fresh Fruit 
Exports 


0.2 
0.3 


0.3 
10.0 
10.8 


7.0 
1.5 


‘4.0 
98 
14.0 

25 
11.3 
38.1 
‘1.3 

1.0 


90.5 


2.0 
05 


Processed 


0.9 


1.0 
0.5 
) 
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Orange Season 


Period of 
Bloom 


Dec.—Apr. 
Feb.-May 
Feb.—Mar. 
Apr.-July 


Feb.—Apr. 


Apr.~May 
Mar.—Apr. 
Mar.—Apr. 
Mar.—Apr. 


Mar.-Apr. 


Apr. 


July-Oct. 
Aug. 

Oct.—-Nov. 
Oct.-Dec. 
Dec.-Jan. 


Sept.—Oct. 


Aug.—Sept. 


Oct.-Nov. 
Aug.-Oct. 


Aug.—Sept. 
Aug.—Sept. 


Period of 
Harvest 


Sept.—Feb. 


Dec.-Mar. 
Nov.—June 


Nov.-May 
year 


Nov.—June 
Nov.—Apr. 
Nov.—May 
Nov.—Apr. 


Nov.-May 
Dec.—May 


Nov.—Mar. 
Oct.—June 


Nov.—June 
Nov.—Apr. 
Nov.—May 
Nov.-Apr. 


Oct.-June 


Mar.-Nov. 


Apr.—Sept. 
May-Dec. 


May-Nov. 
June—Sept. 
May-—Nov. 


Apr.—Sept. 
Apr-N ov. 
July-Sept. 
May-Dec. 


Apr.—Nov. 
May-Nov. 





§ In 1961-62, Southern Rhodesia was still part of the 
Federation of Rhodesia and Nyasaland. 
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associated with a tendency of most citrus species 
to produce several crops a year, bloom peaks 
usually following the replenishment of soil mois- 
ture after a period of drought. With most orange 
and mandarin varieties, development of the deep 
orange-rind coloration characteristic of ripe fruit 
in the subtropical regions is associated with sea- 
sonally cooler temperatures toward the end of 
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the maturation period. Absence of such cool tem- 
peratures in relation to the maturation process 
in the tropics results in mature fruits with green 
rinds or at best with poor development of orange- 
rind coloration. 

The factors of a short period of optimum 
maturity, poor rind coloration, and the frequent 
presence on the tree of several crops, which differ 


Table 2-2 


WORLD CITRUS PRODUCTION COMPARED WITH APPLE AND PEAR 
PRODUCTION AND BANANA EXPORTS, 1920-62° 


Citrus Production 
(In Million Boxes) 


Oranges and 


Crop Year Mandarins Grapefruit Lemons 
Average: 
1920-24 102 9 20 
1925-29 132 12 24 
1930-34 176 19 25 
Annual: 
1935 230 21 22 
1936 251 34 21 
1937 270 34 23 
1938 305 47 28 
1939 285 37 27 
1940 314 45 32 
1941 289 42 27 
1942 306 5l 30 
1943 310 58 24 
1944 314 54 27 
1945 254 67 26 
1946 258 63 27 
1947 274 66 28 
1948 270 49 24 
1949 271 4l 26 
1950 281 50 30 
1951 279 44 29 
1952 308 43 29 
1953 313 53 33 
1954 335 47 32 
1955 340 50 31 
1956 330 50 35 
1957 340 46 38 
1958 381 50 42 
1959 392 48 42 
1960 388 50 38 
1961 417 50 45 
1962 381 42 38 


Apple and Pear 
Production 


(In Million Bushels) Banana Reports 


(In Million 
Limes Applest Pears Stems) 

1 ads 

1 dees 

2 351 

2 326 sus 101 
2 259 141 109 
2 422 126 117 
3 248 shes 118 
2 415 112 
3 309 89 
3 317 70 
3 310 38 
3 371 34 
3 373 42 
3 255 au 51 
3 350 126 70 
3 382 142 87 
3 339 104 97 
4 446 151 96 
3 440 133 97 
3 381 111 100 
3 419 143 114 
3 393 136 124 
3 452 130 131 
4 392 134 136 
4 488 131 137 
4 363 104 152 
4 607 167 161 
4 494 133 168 
5 596 160 181 
5 532 158 183 
5 589 173 170 


° Estimated on the basis of the following weights: oranges, 70-lb boxes; grapefruit, 80-lb boxes; lemons and limes, 
76-lb boxes; apples, 48-lb bushels; pears, 50-lb bushels; bananas, 50-lb stems. 


t Excluding cider apples. 
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only slightly in maturity, combine to make the 
selection of fruit of suitable maturity for harvest 
more difficult in the tropics. This often results in 
the harvest of immature and overripe fruit to- 
gether with fruit of proper maturity. As a conse- 
quence, oranges and mandarins offered for sale 
on local tropical markets often are of quite vari- 
able eating quality. Variable rind color and ma- 
turity, low fruit yields, and the disfigurement of 
fruit by pests and disease are factors which limit 
the full exploitation of citrus in tropical countries. 
Future research may aid tropical citriculture; 
however, the basic limiting climatic factors are 
likely to continue to dominate. 

Such important citrus areas as Florida and 
Brazil have growing conditions intermediate to 
those of the tropical and subtropical climates. 
Usually part of the citrus in such regions is lo- 
cated in frost-free, rather humid zones and part 
of it lies in zones subject to frost hazards. In such 
areas, blooming of citrus is affected by both tem- 
perature and rainfall. The major spring bloom is 
usually the result of temperature rhythm, and 
out-of-season blooms may be caused by rainfall. 
High yields can be obtained in such regions and 
effective cultural care can produce export-quality 
fruit. Where suitable varieties have been planted, 
intermediate climates have produced fine quality 


fruit. 


WORLD CITRUS PLANTINGS, PRODUCTION 
UTILIZATION, AND FRUIT QUALITY 


The world citrus industry is gigantic, and 
each area has its own fruit quality and utilization 
patterns. The first attempt at a worldwide citrus 
industry comparison is presented in table 2-1, 
which analyzes citrus production in forty-nine 
countries. The table presents data on citrus acre- 
age, production, quality, utilization, and orange 
bloom and harvest seasons. It is hoped that this 
comparison will provide a useful measurement of 
the scope of the “golden apple.” 

Historical data on the growth of the world 
citrus industry from 1920 to 1962 is given in 
table 2-2. The production data shown is not com- 
parable with that provided in table 2-1, which 
includes some countries not ordinarily covered 
in world citrus production estimates. Production 
data furnished in table 2-1 should be considered 
primarily a tool for evaluating the extent of world 
citrus production. 
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World citrus supplies in 1962 were more 
than three times those of the 1920-24 period 
(table 2-2). It will be noted that the greatest cit- 
rus growth occurred prior to 1943 and that the 
1961 citrus crop was only 25 per cent greater than 
1943 production. Grapefruit crops from 1949 to 
1962 were significantly smaller than in the 1943 
to 1947 period. World lemon supplies have in- 
creased slowly, and production remained at ap- 
proximately the pre-World War II level until 1953. 
World citrus supplies have had a greater growth 
rate than apples and pears or banana exports. 
The future seems to indicate larger citrus crops 
with nearly all of the increase in oranges. 


Distribution of Industry 


The total planted area of the world’s 
forty-nine citrus-producing countries is estimated 
at 3.7 million acres for 1961-62 (table 2-1). In 
areas where citrus is mixed (planted with other 
crops), acreage was estimated as if the groves 
were solid-planted. The planted area of the Medi- 
terranean and North and Central America com- 
prises about 63 per cent of the world’s total plant- 
ing, each area consisting of about 1.2 million 
acres. The home of citrus, the Far East, has a 
planted area of 760,000 acres or about 20 per 
cent of the world total. South America’s 450,000 
acres account for about 12 per cent of the total 
planting. Other southern hemisphere citrus pro- 
ducers such as Australia and South Africa make 
up the remaining 5 per cent of world plantings 
with 145,000 acres. 

Most of the world’s citrus is grown to serve 
a domestic need, and considerable acreage is in 
scattered plantings or in areas away from com- 
mercial transport. Many producing regions grow 
fruit that would never be suitable for fresh ex- 
port or processing because of poor quality or 
unusual citrus varieties. For this reason, a column 
of table 2-1 is devoted to “commercial” plant- 
ings. Commercial plantings were defined as those 
areas producing fruit of such variety and quality 
as might be acceptable fresh fruit in sophisticated 
domestic and export markets, where grading and 
some form of packaging is required, or in pro- 
ducing citrus byproducts for domestic and export 
trade. The data given should be viewed only as 
an estimate of the potential commercial citrus 
acreage that might supply such markets. 

The estimated commercial planted area of 
the world in 1961-62 totalled about 2.2 million 
acres or about 60 per cent of the total planted 
area on a solid-planting basis. The Mediterranean 
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and North and Central America contained about 
875,000 acres each in commercial citrus. Their 
combined total of about 1.75 million acres con- 
stituted almost 80 per cent of the world commer- 
cial plantings. Commercial regions of the rest of 
the world included 230,000 acres in the Far East 
(10 per cent), 156,000 acres in South America (6 
per cent), and 118,000 acres (4 per cent) in other 
southern hemisphere countries, including Austra- 
lia and South Africa. 


Production and Utilization 


Citrus production for 1961-62 in the forty- 
nine countries listed in table 2-1 was about 590 
‘million boxes, including 470 million boxes of or- 
anges and mandarins, 60 million boxes of lemons, 
and 50 million boxes of grapefruit. All of the pro- 
duction was not harvested, however. Each year 
pests and disease destroy large quantities of fruit 
in some areas. Frost and wind also reduce the cit- 
rus crop. Because only a portion of the crop can 
be sold in certain areas, the remainder is aban- 
doned. 

Argentina and Brazil provide examples of 
this partial utilization of total production. Esti- 
mated citrus production for the two countries 
combined is over 50 million boxes. However, it is 
doubtful if Argentina harvested more than 12.5 
million boxes or Brazil more than 17 million boxes 
in 1961-62. These figures are far below official 
estimates, yet appear reasonable on the basis of 
field observation. Approximately 20 million boxes 
in these two countries were lost to fruit flies, 
weather damage, and economic abandonment. 

Because of such factors, the harvest supply 
for world citrus has been estimated at 540 million 
boxes for 1961-62, about 50 million boxes less 
than total production. Of these 540 million boxes, 
161 million boxes were used for citrus byprod- 
ucts, 117 million boxes were exported as fresh 
‘fruit, and 252 million boxes were consumed do- 
mestically as fresh fruit in the forty-nine citrus- 
producing countries. 

Eighty per cent or 91 million boxes of the 
total fresh fruit export was supplied by the Medi- 
terranean area. North and Central America sup- 
plied only 11 million boxes or about 9 per cent 
of total export. The situation was reversed for 
the utilization of fruit for citrus byproducts. In 
1961-62, North and Central America provided 
81 per cent of citrus byproducts, processing ap- 
proximately 131 million boxes of fruit. Ten per 
cent of the world’s citrus byproducts were proc- 
essed in the Mediterranean or about 16 million 


Google 


THE CITRUS INDUSTRY 


boxes, 8 per cent of this area’s total production. 
These figures emphasize the prominence of the 
United States as a citrus processor and the Medi- 
terranean as a table-orange producing area. 

While the quantities of citrus grown will 
certainly increase in the future, the dominant 
utilization patterns indicated here are likely to be 
maintained for some time. 


Citrus Quality 


Citrus quality varies widely throughout 
the world. California and the Mediterranean pro- 
duce naturally colored table oranges, which are 
usually quite acid and have a modest juice yield. 
Florida oranges are somewhat less acid, and their 
high juice and solids yield make them especially 
suited to byproducts use. 

Citrus fruits grown in similar climates are 
not necessarily similar in quality; there are dif- 
ferences resulting from the varieties grown, the 
rootstocks used, and local cultural practices. The 
quality data given in table 2-1 are of more sig- 
nificance than the production estimates, since 
they provide an indication of the quantity of 
citrus that might be channeled to fresh fruit ex- 
port and processing use. 

Out of the 590 million boxes of total world 
citrus supplies in 1961-62, only 282 million boxes 
were suitable for export as fresh fruit and only 
288 million boxes were suitable for processing. 
Estimates for these two uses cannot be added to- 
sae since fruit in many areas is suitable for both 

resh fruit export and processing use. However, it 


- can be estimated that of the 590 million boxes 


produced, only about 300 million boxes were of 
such quality as to be suited for either use. This 
quality estimate represented the 1961-62 world 
supply of commercial citrus. 

Of the world’s supply of export quality 
fresh fruit, the Mediterranean area produced 122 
million boxes or slightly over 43 per cent, the 
highest percentage of fruit suitable for fresh ex- 
port and almost 65 per cent of that area’s total 
production. The United States trailed ey 
with 120 million boxes or 43 per cent of the total. 
By comparison, South America produced only 8 
million boxes suitable for fresh export, about 11 
per cent of that continent's citrus production. 

The distribution was quite different in the 
category of quality fruit suitable for byproduct 
utilization. Of the total quantity of 288 million 
boxes of quality fruit suitable for processing in 
1961-62, the United States produced about 150 
million boxes or 52 per cent of the world supply. 
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The Mediterranean area produced about 85 mil- 
lion boxes suitable for such use or half the sup- 
plies of North and Central America. Total proc- 
essing supplies in the Far East were only 22 mil- 
lion boxes, and Japan was the largest producer. 
Remaining citrus supplies suitable for processing 
were small: 12 million boxes in South America 
and 7 million boxes in other southern hemisphere 
areas, including South Africa. 


CITRUS BYPRODUCTS 


Citrus byproducts were first used in aro- 
matics. Oils of citrus leaves, flowers, and peel 
have been produced for more than a thousand 
years. Essential oil of peel is the most important 
of these ancient products in modern processing. 
In 1961, about 25 million pounds of raw essential 
oil of citrus peel were produced, mostly as orange 
oil with about 1.2 million pounds in lemon oil. 

It wasn’t until after 1940, however, that 
citrus byproducts achieved a significant place in 
world citrus utilization. A new industry based on 
consumer-packaged frozen concentrate, chilled, 
and other juices grew in an environment of con- 
stant change that was still evolving in 1967. New 
byproducts that can be expected to receive fu- 
ture attention are high density concentrates and 
dehydrated powders. 

Since Americans learned to “drink oranges” 
long before the advent of industrialized process- 
ing, consumer-packaged citrus juices supplied an 
already existing need. As a result, the United 
States has maintained the top position in con- 
sumer-packaged juices, producing most of the 
world supplies packed without use of chemical 
preservatives. Canned single-strength, hot-pack 
juices flourished for a while in prominence and 
then declined after the introduction of frozen 
concentrated juices. 

While most citrus juices in the United 
States are consumed in the home as juice, citrus 
juice is usually consumed in Europe as a soft- 
drink ingredient. Most foreign processors pro- 
duce chemically preserved juices for industrial 
use by soft-drink bottlers. American-produced 
frozen orange juice concentrate has not found 
widespread use in Europe in the consumer-size, 
six-ounce container. Frozen concentrated juices 
are usually exported to Europe as industrial juice 
packed in steel drums of forty gallons or more 
and consumed as reconstituted bottled juice. 

Despite its rapid growth and great size, 
the processing industry of the United States has 
not developed a new citrus market. Domestic 
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fresh equivalent consumption of oranges per 
capita has remained virtually unchanged by the 
rise of the juice industry. 

In Europe, however, there is an increased 
market for both fresh fruit and citrus juices. The 
developing demand for both consumer-packaged 


Table 2-3 


ESTIMATED WORLD PACK OF ORANGE JUICE 
BY PRODUCTS AND COUNTRIES FOR 
1950-51, 1956-57, AND 1960-61 


Estimated Orange Juice Pack 
(In Thousand 24/2 Cases) 


Product and Country 1950-51 1956-57 1960-61 
Canned Single-Strength: 
Israel 66 263 340 
Republic of South Africa 66 53 83 
United States 22,498 17,684 11,946 
West Indies® 47 100 580 
Other Countries 25 50 100 
Total 22,722 18,150 13,049 





Estimated Orange Juice Pack 
(In Thousand U.S. Gallons) 


Frozen Concentrate: 





Argentina Bilis Sate 300 
Brazil shes ue 100 
Mexico ae eee 700 
Republic of South Africa __.... ace 200 
Spain eee 50 100 
United States 34,038 75,067 86,698 
Other Countries eee eee 100 

Total 34,938 75,117 88,198 

Hot Pack and Preserved 
Concentrate: 

Argentina i 150 200 
Australia 348 20 400 
Israel 742 612 641 
Italy 581 800 1,010 
Mexico 200 75 600 
Republic of South Africa 200 300 350 
Southern Rhodesia 99 125 200 
Spain 500 244 482 
United States 5,781 5,609 3,000 
West Indies® 232 261 450 
Other Countries 200 250 500 

Total 8,883 8,746 7,833 

Preserved Single-Strength: 

Algeria} 232 400 300 
Cyprus] T 35 34 
Greece} as segs 1,500 
Italy 735 750 235 
Morocco} 182 672 1,000 
Spain] 721 831 894 
Other Countries 162 220 300 

Total 2,039 2.908 4,263 


° British Honduras, Jamaica, Trinidad. 
t Tess than 5,000 gallons. 
t Includes canned non-preserved juice. 
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and industrial juice represents a new market and 
an expanded use of citrus for Europe. The pre- 
dominant use of citrus juices for industrial pur- 
poses in Europe has not resulted in direct 
comipetition between fresh citrus and citrus juice 
and juice drinks. The expanded use of consumer- 
packaged citrus juices may eventually change 
this relationship. If it does, a new relationship 
will also exist between the table-orange produc- 
ing areas of the world and the orange juice 
producing areas. 

Citrus juice production in the United States 


Table 2-4 


ESTIMATED WORLD GRAPEFRUIT PACK BY 
PRODUCTS AND COUNTRIES FOR 
1950-51, 1956-57, AND 1960-61 


Estimated Grapefruit Pack 
(In Thousand 24/2 Cases) 


Product and Country 1950-51 1956-57 1960-61 
Canned Single-Strength 
Juice: 
Israel 21 66 120 
Republic of South Africa 8 12 4 
United States 18,280 14,093 10,975 
West Indies® 512 667 
Other Countries 25 25 50 
Total 18,846 14,863 11,491 
Canned Segments: 
Cyprus fel 80 41 
Israel 126 196 227 
Nigeria a8 15 25 
Republic of South Africa 35 61 47 
United States 4,628 4,518 4,355 
West Indies® 77 391 765 
Other Countries 25 30 50 
Total 4,891 5,291 5,510 
Estimated be eas Juice 
Pa 


(In Thousand U.S. Gallons) 
Preserved Single-Strength: 


Algeriat 46 144 60 
Moroccot 34 126 200 
Total 80 270 260 
Frozen Concentrate: 
United States 188 2,949 3,841 
Other Countries ee wei 25 
Total 188 2,949 3,866 
Hot, Pack and Preserved 
Concentrate: 
Israel 82 68 28 
United States 344 315 300 
West Indies® 428 73 88 
Total 854 456 416 


° British Honduras, Jamaica, Trinidad. 
t Includes some canned non-preserved juice. 
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is rigidly controlled by juice grade standards and 
often by continuous in-plant inspection. Juice 
production elsewhere usually is not subject to 
such rigorous control. While some foreign proc- 
essors produce excellent quality juice, there is 
also substantial production of field-extracted 
juice below U.S. standard quality. In some 
areas juice is stretched by adulteration. Adultera- 
tion may involve adding citric acid to lemon 
juice and stretching orange juice with water, 
sugar, and other ingredients. Production of sub- 
standard and adulterated juices probably will 
decrease as methods for detecting adulteration 
are further developed and international juice 
standards are established and enforced. Juice 
production will then become a more accurate 
index of citrus utilization. 

World production of orange, grapefruit, 
and lemon juices for 1950-51, 1956-57, and 1960- 
61 has been estimated and is shown in tables 
2-3 through 2-5. Table 2—4 also includes the 
production of canned “ia ea sections. The 
tables provide an over-all measure of the magni- 
tude of world citrus processing and indicate the 
growth trend for this new use of citrus. In addi- 
tion to the presented data, it must be noted that 
there is major production of other citrus byprod- 
ucts. Japan has steadily increased production of 
canned satsuma segments for the world market, 
producing about 6 million cases in 1963-64. 
Among other citrus byproducts are pectin, brined 
peel, marmalade, leaf oil (petit grain), and orange 
flower oil (neroli). 

Having discussed the background of proc- 
essing and elaborated on the difference between 
the U.S. citrus byproducts industry and that of 
the rest of the world, let us examine world pro- 
duction of orange, lemon, and grapefruit juice. 


Orange Juice 


From 1950-51 to 1960-61, the world pack 
of orange juice of all kinds—concentrated and 
single-strength—increased from 110 million gal- 
lons to about 150 million gallons. 

The United States pack of canned single- 
strength juice declined from 22 million to 12 mil- 
lion cases, but the foreign pack rose from 225,000 
cases to over 1 million cases (table 2-3). 

Frozen orange juice concentrate made the 
greatest production gain, increasing from 35 mil- 
lion gallons in 1950-51 to 88 million gallons in 
1960-61. While there was little production out- 
side the United States in 1950-51, about 1.5 mil- 
lion gallons of frozen juice were being produced 
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by foreign processors in 1960-61. World produc- 
tion of frozen juices will undoubtedly exceed 100 
million gallons before 1970. Except in the United 
States, most frozen juices are produced for in- 
dustrial use. | 
Total world production of preserved con- 


centrate and hot-pack orange juices used in soft ” 


drinks has shown little change in the decade cov- 
ered by table 2-3. The United States is the 
biggest producer, and the Mediterranean area 
produces the bulk of remaining supplies (mostly 
preserved concentrates). 

Production of hot-pack juice probably will 
increase outside the United States as soft-drink 
bottlers demand higher quality juices, but the 
increased use of frozen juices for industrial ie 
poses is likely to limit this type of future produc- 
tion. 

Single-strength preserved juices have sig- 
nificant industrial use outside the United States. 
While world production of single-strength juice 
doubled in ten years, this rate of growth is not 
likely to be maintained. Some of the preserved 
single-strength juice shown for Algeria, Spain, 
Greece, Morocco, and Cypress in table 2-3 in- 
cludes canned single-strength juices and non- 
frozen concentrated juices. 


Grapefruit Byproducts 


Most grapefruit byproducts are produced 
in the United States, the West Indies, and Israel. 
The United States is the major supplier. 

In the decade covered in table 2-4, world 
supplies of canned single-strength grapefruit juice 
declined from 18.8 million cases to 11.4 million 
cases, because of diminished U.S. production. In 
contrast, world supplies of canned grapefruit seg- 
ments increased during the same period from 
4.8 million to 5.5 million cases as lagging U.S. 
production was more than offset by larger packs 
in the West Indies and Israel. Most world sup- 
plies of grapefruit segments are consumed in the 
United States and the United Kingdom. 

Production of preserved single-strength 
grapefruit juice outside the United States has 
increased, but the data shown include some 
canned single-strength juice. 

The United States is the only significant 
producer of frozen concentrated grapefruit juice. 
Production of such juice increased from 188,000 
gallons in 1950-51 to 3.9 million gallons in 
1960-61. 

Concentrated hot-pack and preserved 
grapefruit Juices are a minor product. Supplies 
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decreased by more than half during the decade, 
and by 1960-61 about 400,000 gallons appear to 
have been adequate in serving the soft-drink 


industry. 
Lemon Juice 


Stimulated by the burgeoning U.S. market 
for lemonade and lemon juice products, the ten- 
year period shown in table 2-5 was one of very 
rapid growth for world packs of lemon juice. The 
United States produces nearly all of the world 
supplies of canned single-strength, frozen single- 
strength, and frozen concentrated lemon. juice. 
The pack of canned lemon juice increased from 


Table 2-5 


ESTIMATED WORLD LEMON JUICE PACK 
BY PRODUCTS AND COUNTRIES FOR 
1950-51, 1956-57, AND 1960-61 





Estimated Lemon Juice Pack 
‘In Thousand U.S. Gallons) 





Product and Country 1950-51 1956-57 1960-61 
Canned Single-Strength: 
Israel _ ens 23 
Italy ee ies 10 
United States 1,263 2,223 2,000 
Other Countries sieee eer 25 
Total 1,263 2223 2,058 
Frozen Single-Strength: 
United States 455 1,210 1,500 
Other Countries oe wee 50 
Total 455 1210 — ‘1,550 
Preserved 
Single-Strength: 
Algeria 31 40 25 
Argentina 100 300 400 
Cyprus 11 5 ] 
Greece oe. Pn 100 
Italy 920 2,200 3,000 
Morocco 1] 42 50 
Tunisia Sat 10 10 
Other Countries 25 a 25 100 
Total 1,098 2,622 3,686 
Frozen Concentrate: 
United Statest 3,642 11,742 10,000 
Other Countries ee 50 100 
Total 3,642 11,792 10,100 
Hot Pack and Preserved 
Concentrate: 
Italy 792 1,900 3,000 
Jamaica 2 8 10 
Southern Rhodesia 2 7 10 
United Statest 798 1,318 1,000 
Other Countries 100 150 200 


Total 1,694 
°T.ess than 5,000 gallons. 
+ Includes concentrate for lemonade. 
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1.3 million gallons to about 2 million gallons in 
the period shown. The frozen lemon juice eas 
rose from 500,000 gallons to about 1.6 million 
gallons, and the pack of frozen concentrated 
juice, including concentrate for lemonade, in- 
creased from 3.6 to 10.1 million gallons. 

Lemon juice production outside the United 
States consists mostly of preserved single-strength 
and concentrated juices, with Italy the major pro- 
ducer. Although Italian production is shown as 
preserved juice, Italy produces some frozen and 
refrigerated juice with little or no chemical 
preservative. 

During the decade, the world pack of 
single-strength preserved juice increased from 
1 million to 3.7 million gallons, and preserved 
concentrated and hot-pack juice increased from 
1.7 million to 4.2 million gallons. Further in- 
creases in the world pack of lemon juice may 
be expected, with the greatest growth in non- 
preserved juice. 

World trade in lemon juice is less re- 
stricted than that of orange or grapefruit juice, 
since fruit fly larvae do not contaminate lemon 
juice. 


International Trade in Fresh Citrus 


Most of the world’s fresh citrus is con- 
sumed in North America and Europe. The world’s 
citrus fresh fruit trade, comparing production, 
exports, and imports, is presented in table 2-6 
for the 1956-59 period. The seasonal nature of 
the world citrus trade is illustrated in table 2-7, 
which shows monthly exports of some of the 
major suppliers in terms of percentages of the 
season's exports. 

In the 1956-59 period, Spain was the 
largest exporter of oranges with almost 19 million 
boxes (table 2-6). The United States was the 
second largest exporter with 9 million boxes, 
followed by israel 3 with 8.5 million boxes. The 
United States was the leader in fresh grapefruit 
exports with 2 million boxes, and Israel was the 
second largest exporter with 1 million boxes. In 
lemon exports, Italy dominated the market with 
5.9 million boxes, followed by the United States 
with 2.3 million boxes. The bulk of world imports 
of fresh citrus was absorbed by West Germany, 
France, the United Kingdom, and Canada. 

The seasonal tabulations (table 2-7) re- 
veal that the United States is the only major 
producer exporting oranges, lemons, and grape- 
fruit every month of the year. United States 
exports are shown separately for Canada and 
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other markets, since the non-Canadian markets 
best illustrate the seasonal characteristics of U.S. 
citrus trade. 

The seasonal pattern of the citrus trade 
changes some from year to year, but the selected 
data indicates in general the seasonal variations 
in fresh citrus supplies. 

All oranges grown in the summer season 
from May to November are non-blood oranges 
produced in North America, South America, 
Israel, and South Africa. All blood oranges used 
in international trade are harvested in the winter 
season of November to June—primarily from 
February to April. Most pigmented oranges are 
grown in North Africa, Italy, and Spain, and 
nearly 25 per cent of Europe's winter orange 
supplies are blood varieties. 

Acid lemons are grown in the mild cli- 
mates of the Mediterranean and California and 
consumed mostly in the northern climates of 
winter snowfall. Western Europe uses about the 
same quantity of fresh lemons as the United 
States, but western Europe's 200 million con- 
sumers use nearly twice as many fresh oranges. 
Most of the world’s fresh grapefruit is consumed 
by the English-speaking world: the United States, 
Canada, and the United Kingdom. 

The bulk of the world’s fresh oranges, 
lemons, and grapefruit is harvested and used 
during the winter season from November to 
June. Only 15 per cent of the year’s citrus sup- 
plies are used by Europe and North America in 
the summer (May to November). 

The future of citrus and the citrus trade, 
surplus or scarcity, high prices or low, is a 
perennial question. Although more information 
on the world citrus situation was available in 1967 
than at any time in the past, the outlook for the 
future seemed as uncertain as ever. In examining 
the future direction of the citrus industry, the 
best that can be done is to recognize various sig- 
nificant factors. 

Although plantings in most areas are ex- 
panding, this expansion is primarily in oranges. 
Lemons and grapefruit are not being planted as 
extensively as in the past, and supplies of these 
citrus probably will not become burdensome in 
the near future. Any concern over surplus must 
focus mainly on future orange supplies. 

The number of orange trees being planted 
is impressive, yet many factors will reduce future 
production below the potential projection that 
would be indicated if tree numbers alone are the 
criterion. Frost in North America and the Medi- 
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terranean will be a limiting factor. Production 
will also be affected by disease: tristeza in the 
Mediterranean, and tristeza, exocortis, and foot 
rot in Argentina, Brazil, and other areas. Besides 
weather and disease, politics may also affect 
citrus supplies. Political uncertainties in a num- 
ber of large, citrus-producing areas could reduce 
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the quantity of fruit available for international 
trade. 

Changes in markets must also be recog- 
nized as factors that could eliminate surplus. If 
Europeans should begin drinking orange juice 
heavily in preference to eating fresh citrus, this 
shift in the utilization pattern would affect the 


Table 2-6 


ESTIMATED CITRUS PRODUCTION AND TRADE OF PRINCIPAL © 
COUNTRIES OF THE WORLD; AVERAGE, 1956-59 

















Production Exports Imports 
Average ' Average Average 
1956-59 _—s— Percent- 1956-59 =Percent- 1956-59 _ Percent- 
(Thousand age of (Thousand age of (Thousand age of 
Country Boxes) Total Country Boxes) Total Country Boxes) Total 
Fresh Oranges and Mandarins 
United States 127,838 35.4 Spain 18,850 24.9 West Germany 15,634 20.4 
Spain 35,433 9.8 United States 9,118 12.0 France 15,326 20.0 
Japan 27,323 7.6 Israel 8,596 11.4 United Kingdom 11,623 15.2 
Italy 24,216 6.7 Morocco 7,378 9.8 Canada 6,073 7.9 
Brazil 20,750 5.7 Italy 7,087 9.4 Netherlands 4,294 5.6 
Mexico 20,505 5.7 Algeria 7,026 9.3 Belgium 3,327 4.4 
Argentina® 19,761 5.5 Republic of 
South Africa 6,516 8.6 Sweden 2,642 3.5 
Israel 13,311 3.7 Brazil 2,151 2.8 U.S.S.R. 2,602 3.4 
Other Countries 71,792 19.9 Other Countries 8,914 11.8 Other Countries 15,009 19.6 
Total 360,929 100.0 75,636 100.0 76,530 100.0 
Fresh Grapefruit 
United States 42,498 88.1 United States 2,100 46.3 Canada 1,680 36.0 
Israel 1,784 3.7 Israel 1,260 27.8 United Kingdom 1,288 27.6 
Argentina ° 770 1.6 Republic of 
7 South Africa 308 6.8 West Germany 490 10.5 
Trinidad and Cyprus 154 3.4 France 462 9.9 
Tobago 742 1.5 
Republic of Morocco 140 3.1 
South Africa 473 1.0 
Trinidad and Switzerland 185 4.0 
Jamaica 392 0.8 Tobago 140 3.1 
Cyprus 210 0.4 Surinam 112 2.5 Belgium 178 3.8 
Mexico 208 0.4 Algeria 84 1.8 Netherlands 126 2.7 
Other Countries 1,184 2.5 Other Countries 238 5.2 Sweden 65 1.4 
Other Countries 193 4.1 
Total 48,261 100.0 4,536 100.0 4,667 100.0 
Fresh Lemons 
United States 17,142 44.0 Italy 5,924 54.0 West Germany 2.913 28.5 
Italy 10,534 27.0 United States 2,365 21.6 France 1,534 15.0 
Argentina® 2,652 6.8 Spain 763 6.9 United Kingdom 917 9.0 
Spain 1,657 4.3 Greece 544 4.9 U.S.S.R. 742 7.2 
Greece 1,633 4.2 Lebanon 276 2.5 Poland 546 5.3 
Turkey 1,148 2.9 Israel 230 2.1 Austria 488 4.8 
Chile 863 2.2 Tunisia 175 1.6 Canada 423 4.1 
Lebanon 508 1.3 Algeria 152 1.4 Switzerland 415 4.) 
Other Countries 2,852 7.3 Other Countries 547 5.0 Other Countries —- 2,247 22.0 
Total 38,989 100.0 10,976 100.0 10,225 100.0 


° Includes unharvested production. 
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Table 2-7 
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MONTHLY EXPORTS OF ORANGES, LEMONS, AND GRAPEFRUIT FOR 
INDICATED PRODUCING AREAS, SELECTED SEASONS 
(Percentage of Season Exports) 


Israel 


Shamouti Valencia 


m 02 Oo Sw Oo 


British 


Honduras Israel 


30 


70 ” 
* Includes lemons and grapefruit. 


Oranges and Mandarins 
South 


Italy Japan Morocco Africa® Spain United States 
Other 
Canada Markets 
ty 4 jae 8 ike 6 7 
4 79 9 ses 5 6 2 
15 8 17 re 19 9 1 
25 3 16 = 12 9 4 
19 3 10 eek 19 10 2 
26 1 15 ids 21 12 4 
8 1 15 3 13 10 6 
1 sau 14 13 10 10 16 
1 — 3 18 sees 8 20 
1 aa Bed 20 8 17 
ae ee 19 6 15 
1 1 19 6 6 
Lemons 
Italyt Morocco Spaint United States 
Other 
Wo wV Canada’ = Markets 
7 8 9 7 9 ll 
18 10 13 6 7 9 
14 12 24 8 9 5 
11 12 15 9 8 7 
10 12 18 6 7 10 
8 11 8 7 9 8 
7 8 2 7 7 15 
10 7 8 15 10 10 
9 6 3 16 10 8 
3 5 a 9 10 9 
1 4 6 7 3 
2 5 4 7 5 
Grapefruit 
Jamaica Morocco Spain Trinidad United States 
Other 
Canada = Markets 
45 2 44 site 8 7 
12 7 29 638s 9 8 
1 14 18 4 8 2 
8 9 5 15 11 2 
oe 17 4 32 10 9 
31 ant 23 13 12 
15 19 12 15 
5 6 11 17 
cs 1 7 11 
ac oo 5 6 
5 3 5 
29 3 6 


¢ Column Wb indicates season trade for a large winter lemon crop and a small verdelli crop. Column wV indicates 


seasonal trade for a small winter lemon 
} Lemons are tree-stored for summer sale. 
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market. A major unknown factor is the future of 
eastern Europe. If trade between the East and 
West becomes more liberal, eastern Europe could 
absorb large quantities of citrus, perhaps 25 mil- 
lion boxes a year or more. At the same time, un- 
foreseen man-made trade barriers could arise, 
keeping much of the world’s citrus and citrus 
products out of some European markets. 

Thus, we see that the future can be one of 
surplus if production rises and markets decline, 
and it can be a future of citrus shortage if the 
market expands and disease or the ravages of 
weather limit supplies. Whatever the future, how- 
ever, citrus is destined to remain a major fruit 
crop of significance in international trade. 


CENTRAL AMERICA 


This section on citrus-producing areas of 
Central America and subsequent sections on the 
United States, the Far East, South America, and 
Southern Hemisphere countries are arranged for 
convenient reference with countries sectionalized 
alphabetically as in table 2-1 (pp. 42-43). Not all 
countries listed in table 2-1 are included indi- 
vidually in the text discussion. The criterion for 
general discussion of specific countries was avail- 
ability of data on their citrus industries. In a 
few instances, information was unobtainable or 
proved too sketchy to be of value. 


British Honduras 

Citrus-producing conditions in British 
Honduras (fig. 2-2) are among the best in the 
Caribbean. Total citrus plantings in 1962 were 
estimated at 4,700 acres of oranges (750 acres 
non-bearing) and 2,000 acres of grapefruit (900 
acres non-bearing). By 1964, total orange plant- 
ings had increased to about 6,200 acres. 

Total citrus production of British Honduras 
in 1964 was estimated at about 1.3 million boxes. 
Nearly all citrus and citrus products of British 
Honduras are exported to the United Kingdom. 
Orange and grapefruit production and fresh 
fruit exports for selected years are presented in 
table 2-8. Citris product exports from 1955 to 
1962 are erent in table 2-9. 

Since 1948, there have been extensive 
plantings of Valencia oranges in British Hondu- 
ras. Most of these new plantings were made in 
the Stann Creek and Cayo areas. By 1970, the 
effect of new at is expected to result in 
increased orange production. Almost no expan- 
sion is taking place in grapefruit, either in the 
size of planted area or increased production, nor 


Google 


53 


is this situation likely to change materially within 
the foreseeable future. 

British Honduran citrus groves are large 
and mostly in permanent sod culture. Most new 
citrus plantings are being made on virgin soil 
cleared from the jungle. 

While oranges are the primary citrus, 
small quantities of grapefruit have been grown 
for many years. British Honduran citrus fruit is 
juicy and thin-skinned. Oranges and grapefruit 
are of tropical quality and large size, and oranges 
have a green peel when mature. 

British Honduras has a subtropical cli- 
mate, and extreme variations occur in rainfall. 
Between 1930 and 1950, the rainfall at Middle- 
sex on Stan Creek ranged from 71 inches to a 
high of 158 inches annually. Average annual 
rainfalls at four of the major producing areas 
are as follows: Alta Vista, 106 inches; Middlesex, 
107 inches; Melinda, 85 inches; and Pomona, 96 
inches. 

Mean minimum temperatures of British 
Honduras range from about 65° F in January 
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Fig. 2-2. Citrus areas of British Honduras. 
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Table 2-8 


ORANGE AND GRAPEFRUIT PRODUCTION AND 
FRESH FRUIT EXPORTS OF BRITISH 
HONDURAS FOR SELECTED 
YEARS, 1950 TO 1964 


Production® Fresh Fruit Exports 
(In Thousand Boxes) (In Boxes) 

Year Oranges Grapefruit Oranges Grapefruit 
1950 7.5 225 1,981 55,847 
1955 202 265 219 36,867 
1960 718 261 2,217 44,981 
1961 44, 106 2,883 16,179 
1962, 758 232 2,599 110 
1963 847 317 tis 30,000 
1964 1,000 325 50,000 


* Production is shown in crop years for the year of the 
bloom. The 1960 crop was harvested from August, 
1960 through June, 1961. 

t Exports are shown by calendar year. Therefore, ex- 
ports for the calendar year 1960 are partly the crop 
of 1959 and partly the crop of 1960. 

} Estimated data. 


to 72° F in July. Mean maximum temperatures 
range from 82° F in January to 88° F in July. 
The average annual humidity ranges from 77 
to 90 per cent. 

In contrast to other Carribean areas such 
as Jamaica and Trinidad, which have strictly 
tropical climates and a bloom controlled by rain- 
fall, the citrus bloom in British Honduras is con- 
trolled by both rainfall and temperature. Oranges 
normally bloom twice each year: first in Decem- 
ber and January, and again in April and May 
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after the start of the rainy season. rele he 
usually bloom in February and March and again 
in May and July. 

The early blooms of December and Janu- 
ary are triggered by temperature. Trees that are 
dormant in the cool December weather begin 
their bloom as the temperature rises near the 
end of December. Citrus blooms occurring from 
April through July are caused by the rain, which 
breaks the drought of February and March. 

Grapefruit matures about seven months 
after bloom. Trees blooming in February have 
ripe fruit in September and October. Valencia 
oranges require 10 to 11 months to mature, and 
trees blooming in December and January have 
ripe fruit by the following November and Decem- 
ber. Such early orange varieties as the Washing- 
ton navel and Hamlin require only about eight 
months from bloom to maturity. Those blooming 
in late December and April produce mature fruit 
from August oe February. 

Sometimes the annual dry season of Feb- 
ruary and March extends into June, injuring the 
citrus trees. Irrigation, not presently practiced in 
the major producing area of Stann Creek Valley, 
may eventually be necessary for consistent com- 
mercial crop yields. 

In addition to drought, which creates fire 
hazards, hurricane damage also poses a threat to 
citrus in British Honduras. Hurricane Hattie re- 
sulted in a loss of most of the 1961-62 crop and 
about 10 do cent of the grapefruit trees. As a 
result of the hurricane, the 1962 grapefruit crop 
of 130,000 boxes was only about half of the 
1960-61 harvest. 


Table 2-9 
CITRUS PRODUCT EXPORTS OF BRITISH HONDURAS BY CALENDAR YEARS, 1955 TO 1962 


Orange Products 
Single-Strength Concentrated 


Grapefruit Products 


Single-Strength Concentrated 


uice® uice® Essential Oil Juice® uice® Fruit Segments Essential Oil 
(In Thousand (In Thousand (In Thousand (In Thousand (In Thousand (In Thousand (In Thousand 
Year Cases) Gallons) Pounds) Cases) Gallons) Cases) Pounds) 
1955 27 ecu t 105 4 117 
1956 136 65 103 25 205 
1957 35 53 32 19 154 
1958 130 80 is ae | 9 129 wits 
1960 257 108 77 64 17 170 2 
1961 382 435 59 25 17 66 1 
1962 212 15 43 14 1 94 


* Single-strength, hot pack, or preserved concentrate juices converted at 11 Ib per gallon and as cases of 24 No. 2 cans. 


t Less than 500 gallons. 
t Data unavailable. 
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Important citrus pests of British Honduras 
are leaf-cutting ants, wasps, moles, parrots, and 
the Mexican fruit fly. Foot rot is the worst citrus 
disease. 

Fresh citrus fruit, primarily grapefruit, is 
exported in September and October. Citrus 
products have become a major export of British 
Honduras since the construction in 1946 of a 
processing plant peveseing non-frozen products 
at Pomona on Stann Creek. 

In the fall of 1962, a Canadian firm pur- 
chased 9,000 acres of land in the Stann Creek 
district, which included 500 acres of bearing 
orange trees. This firm, which has a frozen con- 
centrate plant in Plant City, Florida, completed 
construction of a plant in British Honduras in 
1963, and began producing frozen concentrate. 

Prior to 1961, the citrus industry of British 
Honduras did not expand greatly, despite pre- 
ferred treatment in the British market and British 
restriction of competing orange juice supplies. 
The limiting factor on continued expansion will 
be the extent to which the processing com- 
panies are successful in expanding their market 
in Canada, the United Kingdom, and other coun- 
tries. The effect that the opening of the United 
Kingdom’s market to U.S. frozen orange juice 
concentrate will have on consumption in that 
country of hot-pack concentrate is only conjec- 
ture at present. However, if frozen concentrates 
gain consumer acceptance in the United King- 
dom, utilization of hot-pack concentrates could 
decline substantially. 

World orange juice shortages caused by 
periodic frost and hurricane damage in Florida 
stimulated citrus processing in British Honduras 
in the early 1960's. The real test of the expanded 
industry will come when temporary orange juice 
shortages no longer exist. The citrus industry in 
British Honduras has yet to prove that it can 
expand its sales successfully in world markets 
under normal competitive conditions. 


Jamaica 


Jamaica’s total citrus plantings in 1962 
were estimated at over 12,000 acres, including 
10,000 acres of oranges (2,000 acres non-bearing) 
and 2,000 acres of Marsh Seedless grapefruit, a 
major commercial crop in recent years. 

Total orange production for 1962-63 was 
about 2 million boxes. About 700,000 boxes were 
processed, an almost equal amount was con- 
sumed in the domestic market, and approximately 
100,000 boxes were exported as fresh fruit. Jamai- 
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ca’s kid-glove orange variety Ortanique is ex- 
ported as far as New Zealand. Of the total 1961- 
62 Ortanique crop of 62,000 boxes, 25,000 boxes 
were exported fresh, 32,000 boxes were processed, 
and 5,000 boxes were consumed domestically. 

Grapefruit production for 1962-63 was 
estimated at over 600,000 boxes, and over 500,000 
boxes were processed and 75,000 boxes were ex- 
ported. Few grapefruit are sold in the domestic 
market. 

Jamaica’s 1962-63 citrus crop was esti- 
mated at 1.25 million boxes of sweet oranges, 
500,000 boxes of Marsh Seedless grapefruit, 120,- 
000 boxes of sweet seeded grapefruit, 30,000 boxes 
of sour oranges, and 53,000 boxes of Ortaniques. 
Small quantities of the Ugli tangelo are also 
produced. 

Jamaican orange plantings, particularly of 
the Valencia variety, have expanded since 1949 
to supply fruit for an orange juice contract with 
England. Orange production may increase sub- 
stantially in the future. Jamaican citrus produc- 
tion and exports from 1940-41 through 1964-65 
are presented in table 2-10. 

Citrus is grown throughout Jamaica, but 
production is concentrated in the parishes of 
Manchester, Clarendon, Westmoreland, St. Ann, 
St. James, St. Catherine, and St. Mary (fig. 2-3). 
Jamaica has a warm, humid, tropical climate with 
an annual rainfall ranging from 55 to 88 inches. 
Average humidity during every month of the 
year is 78 per cent at 7 AM and over 66 per cent 
at 3 pM. In most districts, at least two inches 
of rain fall each month. Temperatures are re- 
markably uniform, mean minimums and maxi- 
mums ranging from 62° F to 86° F in January 
and from 70° F to 91° F in July. 

Hurricanes, the most severe climatic haz- 
ard, occur about every eight years. In both 1915 
and 1916, there were two hurricanes between 
August and October. 

Government nurseries have raised many 
of the trees for Jamaica's citrus expansion pro- 
gram. About 80 per cent of new plantings have 
been Valencias grown on sour orange rootstock, 
although some trees have been grown on sweet 
orange and on “Hog Shaddock,” a vigorous root- 
stock in the heavy Jamaican soils. 

In Jamaica’s winterless climate, the bloom- 
ing of citrus is controlled by rainfall and nor- 
mally occurs after heavy rains break the fall 
drought of December to February. The bloom 
period is normally from February to May. Despite 
the late bloom, Jamaican citrus matures early, 
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and most grapefruit is exported between Septem- 
ber and December. Seedling oranges are exported 
in December, and Valencias are exported from 
January to March. 

Most Jamaican citrus groves are of the 
plantation type. Such groves are planted on roll- 
ing land in areas of heavy rainfall, where irriga- 
tion is unnecessary. Groves have a permanent 
turf of natural weed growth, which is chopped 
several times a year. The heavy cover provides 
erosion control, but also retains moisture, re- 
quiring the use of drains which are customarily 
placed in the middle of every other row. Some 
fertilizing and spraying is performed in the plan- 
tation groves. 

More recent groves in Jamaica, comprising 
not over 10 per cent of citrus plantings, are estab- 
lished on level ground in dry areas with rather 
light soil. They are cultivated with tractors in a 
manner similar to California citrus groves. The 
clean cultivation technique is practiced only in 
areas with less than 50 inches of annual rain- 
fall. At present, surface irrigation is employed, 
but growers look forward to eventual installation 
of overhead sprinklers. Water is abundant, but 
it must be pumped. Spraying and fertilizing are 
common practices. 

Jamaica’s most severe citrus pest is the 
fiddler beetle. Florida red scale and West Indian 
scale are present, but are not usually serious 
pests. The major disease problem is foot rot. 
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Other citrus diseases encountered in the West 
Indies may also be found in Jamaica. 


Mexico 


The past decade has been one of rapid 
change in Mexico with development of electric 
power and water resources, improvement of rail- 
roads, and extension of the national highway 
system. This progress has influenced citrus in- 
dustry growth, and there has also been improve- 
ment in Mexican fruit quality. 

Total citrus plantings in Mexico in 1961 
consisted of about 248,000 acres. Between 1951 
and 1961, orange plantings increased from 164,000 
to 200,000 acres. Lime plantings, which declined 
in the Apatzingan district and increased else- 
where, comprised 31,000 acres (1,000 acres more 
than in 1951). Grapefruit plantings were esti- 
mated at 3,000 acres and mandarins at 14,000 
acres. | 

Mexico’s citrus production in 1964-65 was 
about 28 million boxes. Orange production has 
risen gradually, and was estimated at about 24 
million boxes in 1965. Lime production is fairly 
constant at about 3 million boxes annually. An- 
nual grapefruit production is estimated at about 
200,000 boxes. Mexican citrus production and 
export data for the 1935-39 period ‘and for se- 
lected years from 1950-51 through 1964-65 is 
presented in table 2-11. Oo 
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By 1971, orange plantings could reach 
225,000 acres; limes, 50,000 acres; grapefruit, 
4,000 acres; and mandarins, 20,000 acres. Annual 
citrus production by 1971 may increase to 23 mil- 
lion boxes of oranges and mandarins, 350,000 
boxes of grapefruit, and 2.5 million boxes of 
limes 


Distribution and Climatic Conditions.— 
Major orange and lime producing areas of Mexico 
are shown in figure 2-4. The varying elevation 
of land has given Mexico three broad climatic 
regions: (1) the tierra caliente (hot land), from sea 
level to 3,000 feet with dry winters and wet sum- 
mers; (2) the tierra templada (temperate land), 
from 3,000 to 6,000 feet, free from extreme heat 
or cold; and (3) the tierra fria (cold land), above 
the tierra templada. All of Mexico’s commercial 
citrus is grown in the tierra templada and the 
tierra caliente. 

Rainfall in citrus-producing districts varies 
from area to area, falling mostly between June 
and October. Highest temperatures normally 
occur in the spring and early summer. Selected 
average annual rainfall figures are: Montemo- 
relos, 15 inches; Atotonilco el Alto, 34 inches; Co- 
lima, 28 inches; Apatzingan, 28 inches; Linares, 
33 inches; Rio Verde, 20 inches; Ciudad Victoria, 
33 inches; and Jalapa, 55 inches. 

The lime-producing areas of Colima (fig. 
2-5) and Apatzingan are humid and frost-free, 
and most groves are irrigated. In the heavy 
orange-producing state of Nuevo Leon, where 
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production depends on seasonal rainfall, there 
is a large acreage of iepciea apa groves. Nuevo 
Leon has a high frost hazard; groves in this state 
were aananed by frosts in 1935, 1939, 1950-51, 
and 1962, when 100,000 acres were defoliated. 

Varieties.—The type of citrus grown in 
Mexico varies from district to district. However, 
most grapefruit is Marsh Seedless, and limes in 
all districts are of the West Indian variety (called 
lemons in Mexico). 

Important orange varieties in the state of 
Veracruz are the seedy Corriente from Coatepec 
(usually interplanted with coffee), the Valencia, 
and an acidless “sugar orange” grown at Fortin. 
Commercial orange varieties grown in the state of 
Nuevo Leon are the Washington navel, Lisas (a 
group that includes the Hamlin, Parson Brown, 
San Miguel, and Pineapple), Mediterranean Sweet, 
and Valencias. 

A comparison of sample analyses of orange 
juice from Nuevo Leon and Veracruz is pre- 
sented in table 2-12. These data suggest that juice 
from the state of Nuevo Leon, while generally 
exceptionally high in total soluble solids content, 
tends to be a little low in acid. The juice from 
the state of Veracruz (mostly from the highlands) 
is fairly comparable in solids and acid content to 
Florida-produced juice of varieties such as the 
Parson Brown and Pineapple. 

The following are Mexican terms used for 
citrus fruits: lima dulce, sweet lemon; lima agria, 
sour lemon; limén comtnagrio, West Indian lime 


Table 2-11 


MEXICAN CITRUS PRODUCTION, FRESH EXPORTS, AND PRODUCT EXPORTS; 
AVERAGE, 1935-39 PERIOD; SELECTED CROP YEARS, 1950-51 TO 1964-65 


Production 
(In Thousand Boxes) 
Period or Oranges and 
Crop Year Mandarins Grapefruit Limes 
Average: 
1 4,800 600 
Crop Year: 
1 1 17,478 ox 1,932 
1955-56 19,684 ie 2,163 
1960-61 21,507 386 3,086 
1961-62 14,000 270 3,175 
1962-63 24,769 193 2,977 
1963-64 25,207 198 2,997 
1964-65} 24,880 207 3,142 


Fresh Exports 
(In Thousand Product rts 

Boxes) (In Metric Tons) 

Orange Lime Essential Oil 
Oranges Limes Juice® Juice® of Lime 

904 93 
458 47 es ies sks 
748 23 2,673 308 72 
963 24 2,264 320 265 
473 61 2,618 578 256 


1,331 42 


4,229 101 65 


* Shipped from January to August in the calendar year of the latter year shown. Includes preserved, hot-pack, frozen, 


single-strength, and concentrated juices. 
t Estimated data. 
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Fig. 2-5. Lime orchard near Colima interplanted with 
coconut palms. 


or Mexican sour lime; limdn real, Persian lime; 
cidra, citron; mandarina, mandarin; toronja (Fed- 
eral District and Veracruz), grapefruit; pomelo 
(Nuevo Leon and Tamaulipas), grapefruit; and 
Japonese (Nuevo Leon), satsuma. 

The highest orange yields in the state of 
Nuevo Leon are obtained from irrigated Valen- 
cia Boves where trees over fifteen years of age 
pro uce an average annual yield of 120 to 250 

xes (70-Ib) per acre. Some of the best cultivated 
groves have even higher yields. In unirrigated 
groves that depend entirely on rainfall, the Valen- 
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cia yield ranges from about 25 to 75 boxes. Little 
production is realized in years of drought. 

Average yields of Washington navel 
oranges in Nuevo Leon are much lower than 
those of Valencias and Lisas. In irrigated orch- 
ards, full-bearing trees over fifteen years of age 
are said to average 80 to 100 boxes (70-lb) per 
acre each year. In contrast, full-bearing groves, of 
irrigated mandarins produce much higher yields 
of from 200 to 300 boxes per acre. 

In the state of Veracruz, most citrus pro- 
duction is seedling oranges, shade-grown with 
coffee. Yields in such groves are low, and are 
said to ae about 60 to 125 boxes annually 
per acre. Unshaded orange groves of the coastal 
areas north of the city of Veracruz produce much 
higher yields, ranging from 125 to 250 boxes per 
acre. 

Cultural Practices.—The best cultural care 
in Mexico is practiced in the state of Nuevo Leon. 
Bearing groves observed by the author had good 
crops of fruit and the young trees were growing 
well. New plantings were mostly in Valencia 
oranges. The excellent color of mature trees indi- 
cates fertilization is adequate. The finest groves 
are chemically fertilized twice a year in the 
spring and fall. Annual fertilizer application is 
usually 0.5 to 1 pound of nitrogen per tree. Mixed 
fertilizer and manure is used by some growers. 
Because of the rich soil, many groves require no 
fertilizer. 

Climatic variations in Nuevo Leon pro- 
vide a favorable environment for a wide variety 
of citrus pests. Serious droughts sometimes occur. 
Occasionally the area is subject to heavy damage 


Table 2-12 > 


SAMPLE ORANGE JUICE ANALYSIS FROM THE STATES OF NUEVO LEON AND VERACRUZ, 
1959-1960 SEASON® 


State of Nuevo Leon 
Citric 
Month and Brix Acid Solids-Acid 
Year (Degrees) (Per Cent) Ratio 
Lisa Oranges 
December, 1959 12.6 1.03 12.2 
January, 1960 13.8 1.02 13.5 
February, 1960 14.8 0.96 15.4 
Valencia Oranges 
March, 1960 13.7 1.07 12.8 
April, 1960 14.0 0.93 15.1 
May, 1960 14.0 0.83 16.9 


State of Veracruz 


Citric 
Month and Brix Acid Solids-Acid 
Year (Degrees) (Per Cent) Ratio 
Corriente Oranges 
November, 1959 11.2 1.47 7.6 
December, 1959 11.7 1.39 8.4 
January, 1960 12.4 1.33 9.3 
Februray, 1960 12.8 1.20 10.7 
March, 1960 13.6 1.14 11.9 


* Each value presented represents the mean of three to five analyses taken at weekly intervals during the month. 
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from both California and Florida red scale. Pur- 
ple and chaff scale have been major pests in 
some years. 

Rust mite is the most serious, continuing 
pest problem, more damaging at times to Nuevo 
Leon commercial fruits than Florida red scale. 
Fruit in certain areas is harmed by red spider. 
Melanose fungus becomes a serious problem in 
periods of extended wet weather. Aphids damage 
some groves during the flush of new spring 
growth, although little effort is expended on their 
control. 

Nuevo Leon citrus is under constant sur- 
veillance by plant pest control crews of the U. S. 
Department of Agriculture. These crews eradi- 
cate Mexican blackfly and watch for infestations 
of Mexican fruit fly, both serious pests in most 
Mexican citrus-producing areas. 

The Mexican blackfly is controlled by oil 
sprays and malathion in the state of Nuevo Leon. 
South of this state, biological means are used for 
blackfly control. Intensity of Mexican fruit fly 
infestation varies from district to district. One 
of the worst areas of infestation is Llera. Other 
areas of major infection are Santa Engracia and 
El Carmen. Little attention is given to eradicat- 
ing this insect pest, although control can be ob- 
tained by use of chemical bait sprays. 

Cultural care of citrus in the state of Vera- 
cruz is inseparable from the care of coffee. When 
coffee prices make increased production desir- 
able, citrus and coffee plants are treated with 
nitrogen fertilizer. Part of the citrus planted area 
of Veracruz is in sweet orange seedlings. Some of 
the seedlings and Valencia oranges are budded 
on sour orange rootstock, a major rootstock in all 
orange-producing areas of Mexico. 

Because of the sloping terrain of most 
Veracruz groves and the interplanting with cof- 
fee, there is little attempt to spray for citrus 
pests. However, since there is heavy vegetation 
around citrus groves, a measure of biological con- 
trol is attained. The most important pests of the 
Veracruz area are rust mite, purple scale, the 
Mexican fruit fly, and the white fruit fly. 

Mexican Marketing.— Mexico's domestic 
market is changing steadily. While most citrus 
fruit is still sold by count (fig. 2-6) and delivered 


in bulk, a premium market now exists for sized 
and graded fancy fruit. Chain stores have has- 
tened development of orderly marketing tech- 


niques. The growing domestic market is likely 
to consume most Mexican citrus supplies in the 
future. 
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Except in periods of world shortage, Mexi- 
co’s total orange exports in the past decade have 
averaged 300,000 boxes per year. Orange exports 
will probably range from 500,000 to 1 million 
boxes annually after 1965. During years of world 
shortage, Mexico is capable of supplying up to 
3 million boxes of export-grade oranges per year. 
Grapefruit exports will probably remain small, 
not exceeding 50,000 boxes in any year. Because 
of increased competition with the U.S. pack of 
frozen lemonade, Mexican fresh lime exports will 
probably decline to about 35,000 boxes (76-lb) 
per year in contrast to a high of 93,000 boxes 
in 1950. 

Citrus trade between Mexico and the 
United States is a two-way street. From 1950 
to 1960, United States imports of Mexican oranges 
totalled 1.4 million boxes and exports to Mexico 
totalled 1.3 million boxes. Mexico exports to the 
United States in winter, competing with the 
U.S. Gulf Coast producing areas. United States 
re sales to Mexico are in the summer— 
usually to border towns near California. After 
1965, United States imports of Mexican oranges 
probably will increase during years of U.S. short- 
age, while U.S. sales to Mexico may decrease as 
Mexican orange production rises along the Pacific 
Coast. 

During the 1953-63 period, Mexico ex- 
ported about 50,000 boxes of limes to the United 
States each year. Mexican lemon imports from 





Fig. 2-6. Workers near Montemorelos count oranges 
for sale by the “thousand.” 


62 THE CITRUS INDUSTRY 





ag 
3832 .' 
gaze lee mR 
gone 
HS 
- 
Eaasl|...; 
ss a i iSea 
Nn Ba 
é 
2 ooo o o 
5 q|SAR8Sa8 
i La} re 
Q 
= 
A ¥ 
= ; > - oosoe 
A oh a E18] iSSS8SQ 
| 4 : ww. 4 —_ | ~Q 
Fig. 2-7. Interior of a modern lime-processing plant at & © g 0 
Apatzingan, showing juice extractors at rear and tanks 5 a sca 
for mixing and storage at right. - z 5 z bin se 
ag | 82Kf) esekee 
the United States increased from 6,000 boxes in ns Cilo Soe da, 
1950 to over 50,000 boxes in 1960. o HO \ 
Mexico's processing capacity has doubled iT o> 
e Zz +. 
in the past ten years. In 1961, processors used 2 58 ‘ PvE 
about 1.5 million boxes of oranges—almost 7 per 2 F < i 3 & Ip 
cent of total pe Citrus byproducts in- ie S > 5 RS ARS 
clude hot-pack and frozen orange juice concen- 5 5 " 
trates. mc 
Mexican exports of processed citrus are an b = . 
increasing. In 1960, processed exports totalled sits) e £ 5 
583,000 gallons of orange juice concentrate (most- fs 3 < 8 5138 iS 2 © & a 
ly frozen), 22,000 gallons of lime juice (fig. 2-7), oie Bo | 5 d 
143,000 pounds of lime oil, and 1,000 pounds of g 7 = 5 ‘ 
orange oil. <& 8/8 2 
Mexico can be expected to become an in- Ro | £B 5 AGESHRSA a8 
creasingly important source of citrus byproducts, Ss 5\6 s So 
competing with the United States for the orange S og 
juice markets in Canada and western Europe. < F 3 2 
The 1962 freeze, which devastated the state of A ¢ és 
’ < 1 iy 
Nuevo Leon, only temporarily postponed such a = ga | 4% 3 S 5 3 3 3 2 3 
ge Fd a in Su™ 
Trinidad % 3 Ble 23s 
as Lo % . on =a SRS2a4en SOE e . 
Trinidad’s citrus-producing area (fig. 2-8) a|E] saaewhob | esses 
totalled about 17,000 acres in 1955, with 9,000 S/O BS Eo 
acres in grapefruit and 8,000 acres in oranges. =e $2 
Since that time, total citrus plantings have proba- ree enn, x > 3 & 
bly increased several thousand acres. Some citrus me Naicclak ge be y < S88 
is also grown on the island of Tobago, a de- & SESESESS + ceeteos 


pendency of Trinidad. 


viatizes ey (GOO ner 


= eo===—_—_————...__ 
ee ee 


THE COMMERCIAL REGIONS 




















63 































45 30° i$ 61% 00 
— — T = | "] 
1 BB 
cAR 
45 / leg 
/ } rr , ANODOREW 
/ eS is 247. \ St wv Maturo 
: Port of 2 Augustine. f a (et 
o> / Spain + = silat igitinmieeatet —— 
é { * \ 
/ _, ¥St. Clair ' | 
: V0, ay f r’ 
/ Q ee ad ho OD RE . fr “4 unapo 
\' f (\ 
A/R ON | ‘& , one ¢ ™~ = 
b.4. \ XN x 
‘MMTolporo La@ a 
10 TRINIDAD: CITRUS AREAS A . ¢ ty —130 
1955 \ ¢ * 
Ais \ 
B® ois creos oe Sas 7 am 
=——=—= Mood, selected | ~" meee: 
+++ Fai/road | ) = 
—-—— County boundary wo. i MA Rf v a 5 
—:-— /nfernational boundary ‘ Ly | e ‘ 
= Swomp ) i gO 
a : \ N 
, ae * ‘Rio Claro ( 
) VICTORIA __ eae. * Me K 
Z \ r J 
San Fernandofe—s, S = U.m- “Ym c 
10" e . . ” Res § igor = 10° 
ran PITCH Y bi 
neue ai LAKE 
. 5 ature MILES ° % | 
" x ™, J) 
5 ’ ; 
: KILOMETERS : Ee \Q 
RS 'PSr io | K 
PAT Rg! CK | - 
| x 
° & | 
Son Froncique @ ee | 
| } 





(Erin Pt.) 





as’ 
I 


The grapefruit crop for 1964-65 was esti- 
mated at 800,000 boxes and the orange crop at 
571,000 boxes. Citrus production and exports 
of Trinidad from 1940-41 through 1964-65 are 
shown in table 2-13. 

Citrus fruits produced in Trinidad are 
generally of tropical quality. Grapefruit, how- 
ever, is of the small size most acceptable to Euro- 
pean markets, and during the first four months 
of the year competes well with Mediterranean 
grapefruit in the English market. Most grapefruit 
exports are shipped to the United Kingdom; most 
orange exports go to the Caribbean, an important 
segment of Trinidad’s foreign market. Domestic 
consumption is estimated as 20 to 30 per cent of 
orange production and 2 per cent of grapefruit 
production. 

Trinidad’s grapefruit acreage is expected 
to remain at its present level, but orange produc- 


viatizes ty GOOle 





Fig. 2-8. Citrus areas of Trinidad. 


tion may increase. Yields of oranges and grape- 
fruit are low, averaging about one box per tree. 
Principal commercial varieties of citrus are the 
Valencia orange and Marsh Seedless grapefruit. 
Although West Indian limes have been one of 
Trinidad’s primary commercial crops in the past, 
lime plantings have been severely dunaped by 
disease and production has decreased sharply. 

Trinidad’s climate is tropical. Rainfall av- 
erages from 60 to 100 inches a year, falling mostly 
between June and November. Mean maximum 
temperatures average 86° F in January and 87° F 
in July. Mean minimum temperatures average 
68° F in January and 71° F in July. 

Most citrus plantings are near the rain 
forests, and all groves have extensive drainage 
systems. Citrus trees grow rapidly and have a 
short commercial life-span. Permanent sod cul- 
ture is used, and groves have a weed growth 
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of up to six feet throughout most of the season. 

Trinidad’s main citrus season is later than 
that of Florida. In normal years, there are usually 
two major blooms on Valencia oranges: the first 
in April and May and the second in June and 
July. The early bloom sets fruit which ripens in 
November and December. Fruit from the later 
bloom ripens the following April and May. 

The grapefruit bloom pattern is somewhat 
similar, although this citrus matures earlier and 
is harvested from January to April. In late April 
of 1955, grapefruit was observed by the author 
to be fully mature and dropping in the groves, 
while Valencia oranges were still in firm condi- 
tion, revealing little orchard drop. 

Trinidad’s most prevalent citrus disease is 
foot rot. Other diseases include citrus scab, mela- 
nose fungus, and psorosis. Pests include leaf- 
cutting ants, the citrus branch girdler, citrus rust 
mite, Florida red scale, Glover scale, and Liny- 
phiid spiders. 

Other Central American Countries 


Citrus fruits of various kinds and in con- 
siderable quantities are grown in other Central 
American nations but are absorbed mainly by 
domestic markets. ? 

Among the other major citrus producers of 
Central America are Cuba, the Dominican Re- 
public, Nicaragua, Panama, and the United States 
commonwealth of Puerto Rico. Minor producers 
include Costa Rica, Haiti, Honduras, and Guate- 
mala. Available data on the citrus industries of 
Cuba, the Dominican Republic, Panama, and 
Puerto Rico may be found in table 2-1 (pp. 42- 
43). Some citrus is also grown on such islands of 
the West Indies as Granada, St. Lucia, Dominica, 
and the Bahamas. 

All of Central America and Mexico face 
the problem of dealing with the Mediterranean 
fruit fly, which was found in Costa Rica in 1955. 
Since that time this fruit-destroying pest has be- 
come established in Costa Rica and parts of Nica- 
ragua. The lush tropical coastal areas afford many 
hosts for the Mediterranean fruit fly, but control 
and eradication methods now available may mini- 
mize its economic significance. However, the 
presence of infestations in Central America and 
Mexico could enhance the likelihood of addi- 
tional introductions of the fruit fly into the United 
States. 

THE UNITED STATES 


The commercial citrus regions of the 
United States consisted of approximately 840,000 
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acres of bearing age in 1961-62, and. citrus 
production was over 202 million boxes. Major 
producing areas are Arizona, California, Florida, 
and Texas (fig. 2-9). 

Although small citrus plantings exist in 
Alabama, Georgia, Hawaii, Louisiana, and Missis- 
sippi, detailed descriptions in this section will be 
confined to the citrus industries of the four prin- 
cipal producers. Hawaiian economists have in re- 
cent years urged development of a self-sufficient 
island citrus industry. However, over 90 per cent 
of citrus consumed continues to be imported from 
the mainland and Hawaii's total production in 
1961 was only 11,800 boxes of mandarins and 
7,600 boxes of oranges. As for the four small 
producers among the southern states, acreage 
has shrunk appreciably in the past two dec- 
ades, largely as a result of a series of destructive 
freezes. 

Citrus plantings in the United States 
extend from approximately 26° north latitude 
(Miami, Florida, and Brownsville, Texas) to 40° 
north latitude (Oroville district of California). 
They are chiefly at comparatively low altitudes 
ranging from slightly above sea level up to 1,200 
feet, although in California they extend from 
175 feet below sea level (in the desert section in 
the southern part of the state) to some 2,500 feet 
above sea level (in the interior valley sections). 

The outstanding feature of the United 
States citrus industry is that fresh fruit and citrus 
byproducts are largely consumed in the domestic 
market, the export trade being significant in com- 
parison to any other citrus-producing countries, 
yet minor in terms of total production. In the 
1961-62 season, the United States produced about 
35 per cent of the world’s oranges, 85 per cent 
of the grapefruit, 40 per cent of lemon supplies, 
and most of the world’s citrus juices. 

Arizona and California are the major fresh 
fruit-producing regions of the United States. Pro- 
duction in Florida is primarily geared to citrus 
juices. Texas produces both fresh and processed 
citrus. These major producing areas of the con- 
tinent-wide citrus complex will be discussed indi- 
vidually after general comparisons are presented 
on the over-all industry. 


Extent and Distribution of Industry 


Citrus-bearing acreage of the United States 
in 1961-62 was estimated at 840,000 acres, in- 
cluding 608,000 acres of oranges, 151,000 acres 
of grapefruit, 56,000 acres of lemons, and 25,000 
acres of minor citrus. Table 2-14 presents acre- 
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COMMERCIAL CITRUS 
PRODUCING AREAS 
IN THE U.S. 


Fig. 2-9. Citrus Areas of the United States. 


age, production, and citrus utilization data for 
the 1945-46, 1955-56, and 1961-62 crop years. 
Not shown in the table are extensive new plant- 
ings of citrus that were not of bearing age in 
1962. These new plantings were estimated as fol- 
lows: 25,000 acres of oranges and 12,000 acres 
of lemons in California; 120,000 acres of oranges, 
2,500 acres of lemons and limes, 5,000 acres of 
grapefruit, and 4,000 acres of tangelos in Florida; 
4,000 acres of oranges and 1,000 acres of lemons 
in Arizona; and several thousand acres of grape- 
fruit in Texas. These additional plantings must 
be considered in forming any conclusions from 
table 2-14. For example, orange acreage in Ari- 
zona did not decrease from the 1945-46 and 
1955-56 levels, but actually showed a substantial 
increase. Nor did orange and lemon acreage in 
California decline as appreciably from the 1945- 
46 level as seems indicated by table 2-14. 

From 1945-46 to 1961-62, orange produc- 
tion in the United States increased from 101 
million to 138 million boxes. During this period, 
California's orange crop declined by half and 
Florida production more than doubled. Total 
grapefruit production dropped from 63 million 
to 43 million boxes. Lemon production increased 
by 2 million boxes. 

As new plantings bear fruit, orange and 
lemon production will continue to increase. By 


Google 


1970-71, a total production of more than 200 mil- 
lion boxes of oranges and nearly 20 million boxes 
of lemons appears likely. Grapefruit crops, how- 
ever are not expected to rise above 50 million 
boxes unless Texas is again able to achieve major 
production. 

The most significant influence on the 
United States citrus scene between 1945 and 
1962 was the emergence of the citrus byproducts 
industry. Consumption of fresh citrus declined 
from 72 to 38 million boxes as Americans began 
“drinking” their oranges. This shift in the utiliza- 
tion pattern resulted in an increase in the use of 
oranges for byproducts from 27 million to 98 mil- 
lion boxes. The utilization of grapefruit declined 
for all uses as production fell off approximately 
one-third between 1945 and 1962. Fresh lemon 
sales remained relatively steady despite an in- 
creased use of lemon products. 


Domestic Consumption of Fresh and 
Processed Citrus 


As early as 1910, citrus consumption in the 
United States had reached 17.8 pounds per capita. 
Citrus consumption increased to 26 pounds in 
1920 and 32.2 pounds in 1930. The canning of 
grapefruit segments began about 1923 and pro- 
duction of citrus juices about 1929. By 1940, 
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THE COMMERCIAL REGIONS 


total citrus consumption was 67.i pounds per 
capita, with 56.7 pounds in fresh fruit. 

Decades of intensive citrus promotion cre- 
ated the remarkably high level of citrus consump- 
tion that reached a peak in the 1945-46 season 
when Americans consumed 93 pounds per capita. 
Consumption has declined in recent years and 
was estimated at 76 pounds per capita in 1960-61 
(table 2-15) and 74 pounds in 1965-66. 

While American consumption remains 
uniquely high in comparison with that of other 
countries, the recent decline in consumption is 
surprising in a period of record growth of orange 
and lemon production and expansion of the use 
of citrus juices. The decline can be attributed 
to a reduction in consumption of grapefruit in 
all forms from a fresh equivalent of 32.6 pounds 
per capita in 1945-46 to 16.3 pounds per capita 
in 1960-61. This, in turn, was the result of sharply 
reduced grapefruit production in Texas. The 
grapefruit shortage was not transferred to other 
citrus in terms of increased demand. Consump- 
tion of lemons and oranges remained at about 
60 pounds per capita over the fifteen-year period. 

During the fifteen-year period shown in 
table 2-15, a number of shifts occurred in the 
utilization pattern for each type of citrus fruit. 
Use of oranges as fresh fruit decreased from 38 
pounds to 16 pounds per capita, but was offset 
by an increase in the use of oranges as juice. 
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Through promotion, orange juice had established 
a place in the American home, and since frozen 
orange juice concentrate represents “canned time,” 
it attained a position in the market as a fresh 
orange juice substitute. 

Similarly, fresh lemon and lime consump- 
tion dropped from 4.8 to 2.9 pounds per capita 
between 1945-46 and 1960-61, while consump- 
tion of lemon and lime juice advanced sufficiently 
to increase total consumption -of these citrus 
fruits. In the case of grapefruit, however, the 
decline in the use of fresh fruit was moderate 
as compared with a sizeable decrease in use of 
grapefruit juice. 

It may be observed that the trend toward 
greater use of citrus byproducts rather than fresh 
fruit is likely to continue as processors find new 
ways to market citrus. | 

Citrus Byproducts.—The increasing indus- 
trialization of the United States citrus industry 
is illustrated by table 2-16 which shows prod- 
ucts packed for selected years from 1945-46 to 
1965-66. 

The trend toward heavier citrus juice con- 
sumption is seen in the rapid increase in packs of 
frozen orange juice concentrate and lemon juice 
concentrate for lemonade and in the decline of 
canned single-strength orange juice, grapefruit 
juice, and blended juice. It will be noted that 
Florida is the dominant producer of frozen orange 


Table 2-15 


UNITED STATES PER CAPITA CONSUMPTION OF CITRUS; 
CROP YEARS, 1945-46, 1955-56, 1960-61 
(In Fresh Equivalent Pounds) 


Canned and Chilled 


Class of Citrus Fresh Fruit Sections and 
and Crop Year Fruit Salads 
Oranges: 

1945-46 37.9 Seer 

1950-51 28.7 eis 

1955-56 22.6 0.1 

1960-61 16.2 gee 
Grapefruit: 

1945-46 14.0 1.1 

1950-51 10.3 1.7 

1955-56 10.5 2.3 

1960-61 9.4 2.2 
Lemons and 

Limes: 

1956-46 4.8 

1950-51 4.1 

1955-56 4.1 

1960-61 2.9 


* Negligible consumption. 
t Includes lemonade base. 
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Canned and Total 
Chilled Juice Frozen Juice Consumption 

16.2 0.3 54.4 

11.6 14.1 54.5 

9.5 25.8 57.9 

9.2 28.3 53.7 

17.5 32.6 

7.7 0.7 20.4 

5.3 0.9 19.0 

3.6 1.1 16.3 

0.8f cee 5.6 

1.0f 0.4f 5.5 

1.4 3.3f 8.1 

1.0 2.4f 6.3 
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juice concentrate and grapefruit products, and 
California is the source of nearly all lemon 
products. 

Virtually all United States citrus byprod- 
ucts are consumer items for home use, packed 
without preservatives and heat sterilized, frozen, 
or chilled. While some frozen juices are used as 
an industrial product by bottlers and chilled-juice 
packers, hot-pack concentrate is usually employed 
by the soft-drink bottlers. Production of indus- 
trial hot-pack concentrate is minor, probably not 
exceeding 6 million gallons. California is the 
major producer of this orange product. 

Although no data are available on the size 
of the pack, California is the leading producer of 
essential oil of lemon and pectin. Florida is the 
most important source of essential oil of orange, 
orange crystals, and seed oil. 

Fresh and Processed Citrus Returns.—Cali- 
fornia’s well-colored table oranges sell at pre- 
mium fresh fruit prices over those of Texas and 
Florida as shown in a comparison of market 
prices from 1940-41 to 1965-66 (table 2-17). 

During this period, Florida and Texas 
grapefruit sold at about the same f.o.b. prices. 
Higher f.o.b. prices were brought by the small 
quantity of California grapefruit marketed in the 
summer. 

In 1960-61 and 1965-66, California navels 
brought higher prices than California Valencia 
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oranges, reversing their previous market relation- 
ship. The predominance of small sizes and a 
lower quality Valencia from orchards in southern 
California areas undergoing rapid urbanization 
was probably a factor in the price shift. 

Although California oranges have a greater 
fresh fruit return, Florida oranges are a pre- 
mium juice fruit as may be seen from the com- 
parison of returns for fresh and processed use 
in table 2-18. Florida Valencia growers have had 
nearly twice the return of California Valencia 
growers from processed use. While Florida mid- 
season and early oranges return nearly as much 
for products as for fresh use, the California navel 
has proven of little value in processing and brings 
its highest return as fresh fruit. 

California’s small grapefruit crop has 
brought the highest returns as fresh fruit, but 
both Florida and Texas have had generally higher 
returns from processing. As a fresh fruit, Florida 
mandarins and limes and California lemons have 
proven the most valuable. 


Citrus Exports and Imports 


Fresh Citrus.—From 1935 to 1962, United 
States fresh orange exports increased from about 
4 million boxes to 5 million boxes a year. In 
periods of world shortage, such as occurred after 
the 1956 freeze in Spain, exports of fresh oranges 
reached nearly 10 million boxes. 


Table 2-17 


ORANGES AND GRAPEFRUIT: UNITED STATES DOMESTIC F.O.B. AND AUCTION PRICES 
COMPARED; SELECTED CROP YEARS, 1940-41 TO 1965-66 
(In Dollars Per Box) 


Florida California Texas 
Class of Citrus Packed Average of Packed Average of Packed Average of Packed 
and Crop Year f.o.b. Ten Auctions f.o.b. Ten Auctions f.o.b. Ten Auctions f.0.b. 
Oranges: All Oranges Navels Valencias All Oranges 
1940-41 $1.60 $2.35 $1.84 $3.03 $2.43 $3.74 $1.70 
1945-46 3.56 4.58 4.14 5.44 4.80 6.10 3.40 
1950-51 3.15 4.39 4.06 5.63 3.69 5.50 2.78 
1955-56 3.38 4,85 4.77 6.40 4.76 6.74 3.30 
1960-61 5.05 6.64 7.50 9.24 5.83 7.48 4.82 
1965-66 4.11 5.68 5.20 6.66 5.20 noe 4.00 
All 
Grapefruit: All Grapefruit Desert Summer Grapefruit 
1940-41 $1.14 $1.91 $1.10 $1.88 $1.05 
1945-46 2.65 3.82 2.52 2.82 2.35 
1950-51 2.68 4.05 2.70 2.82 2.77 
1955-56 2.43 4.01 4.18 4.33 2.68 
1960-61 2.98 4.32 3.18 3.66 3.03 
1965-66 4.08 5.82 4.16 5.18 3.65 
* Data not available. 
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Grapefruit exports have tripled since 1935 
and were estimated at nearly 3 million boxes for 
the 1961-62 season. A continuing increase in 
grapefruit exports seems likely, and there is a 
possibility that grapefruit may exceed orange 
exports by 1970. 

Fresh lemon exports have had the greatest 
growth since 1935-36, increasing from 267,000 
boxes to 2.2 million boxes in 1961-62. Develop- 
ment of the European market is largely respon- 
sible for the increased lemon trade, and by 1970 
exports of 3 million boxes a year are possible. 

United States fresh fruit citrus exports are 
compared by destination for the winter and sum- 
mer seasons of 1955-56 and 1961-62 in table 2-19. 
The seasonal division roughly separates the 
Florida and California orange and grapefruit 
trade; however, some “winter” orange exports 
are from California and some “summer” grape- 
fruit exports are from Florida. All lemon exports 
are California and Arizona fruit. 
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During the period shown, both winter and 
summer orange exports declined in the major 
markets of Canada and Europe and increased in 
the Far East, the Caribbean, and Latin America. 
Grapefruit exports increased for both seasons in 
all markets with a heavy upsurge in Europe. Most 
si are exports are summer fruit from Cali- 
ornia. Winter lemon exports increased between 
1955-56 and 1961-62, and in most years there 
has been an increase in summer sales. Summer 
sales of lemons were lower in 1961-62, however, 
because of reduced California supplies. 

Table 2-19 shows that Canada is the pri- 
mary market for United States exports of fresh 
oranges and grapefruit. Western Europe domi- 
nates the U.S. lemon export market. 

United States imports of fresh oranges are 
relatively small, but they have steadily increased 
since 1935. Fresh orange imports were estimated 
at 470,000 boxes in 1960-61 and 316,000 boxes 
in 1961-62. By 1962, Israel had established a 


Table 2-18 


UNITED STATES CITRUS ON-TREE RETURNS FOR FRESH AND PROCESSED USE; 
SELECTED CROP YEARS, 1940-41 TO 1965-66° 
(In Dollars Per Box) 


Class of Citrus Florida Citrus 
and Crop Year Fresh _ Processed Fresh Processed 


Oranges: Early and Midseason Valencia 
1940-41 $0.67 $0.39 $1.02 $0.78 
1945-46 2.14 2.00 2.60 2.76 
1950-51 1.58 1.38 2.01 1.79 
1955-56 1.69 1.72 2.08 2.02 
1960-61 3.19 2.83 3.07 2.98 
1965-66 1.67 1.21 2.09 1.95 

Grapefruit: Seeded Seedless 
1940-41 $0.32 $0.27 $0.50 $0.27 
1945-46 1.38 1.19 1.58 1.14 
1950-51 1.01 0.74 1.30 0.59 
1955-56 0.58 0.21 1.01 0.19 
1960-61 1.08 0.78 1.27 0.46 
1965-66 1.40 1.23 2.01 1.07 

Other Citrus: Mandarins Limes 
1940-41 $0.64 aes $2.60 oe 
1945-46 2.64 0.45 3.18 1.24 
1950-51 1.99 0.16 2.14 0.85 
1955-56 2.33 0.15 2.70 0.77 
1960-61 2.18 0.15 3.75 0.45 
1965-66 2.98 —0.28 5.70 0.95 


* Converted from cartons and tons to regional box units. 


Fresh Processed Fresh Processed 


Texas Citrus} 
Fresh Processed 


California Citrus} 


Navel Valencta All Oranges 
$0.98 $0.20 $1.55 $0.44 $0.87 $0.57 
2.82 0.12 3.52 1.76 2.21 1.85 
2.43 0.37 2.14 0.41 1.38 0.60 
2.96 0.06 3.05 1.04 1.64 1.18 
5.24 0.48 3.71 1.82 2.47 1.39 
2.61 0.12 2.90 0.42 2.06 1.30 
Desert Summer All Grapefruit 
$0.32 $0.08 $1.05 $0.01 $0.35 $0.21 
1.46 0.47 1.76 0.04 1.26 0.92 
1.37 0.03 147 —0.18 1.42 0.54 
2.52 0.26 2.75 0.06 1,22 0.46 
160 —0.20 1.87 0.16 1.07 0.24 
2.30 —0.24 3.32 —0.12 1.71 0.80 
Lemons 
$1.57 $0.07 
2.22 —0.24 
3.21 0.24 
3.28 0.38 
2.34 0.14 
3.32 0.04 


t Converted to boxes of the following weights: oranges and tangerines, 90-lb; grapefruit and limes, 80-Ib. 
t Converted to boxes of the following weights: oranges, 75-lb;; desert grapefruit, 64-lb; summer grapefruit, 67-Ib; 


lemons, 76-lb. 
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small market for Shamouti oranges in the United 
States. Only quarantine problems have prevented 
Japan and South Africa from exporting citrus to 
the United States, and if these problems are 
solved the United States could become a sub- 
stantial importer. 

Imports of grapefruit have declined since 
1935, although some early Caribbean fruit is im- 
ported each year. By 1955, lemon imports by the 
United States had virtually ceased. 

Citrus Byproduct Exports.—Foreign trade 
in United States citrus byproducts increased in 
the post World War II period as canned citrus 
juices became a new food product in many 
European countries. 

While this increased trade generally fol- 
lowed expansion of the United States processing 
industry, canned grapefruit segments were an 
exception. Prior to 1938, the United Kingdom had 
developed a market for over a million cases a 
year, and this foreign demand was an important 
factor in the growth of grapefruit canning in the 
United States. Post-war restriction, followed by 
British discrimination against United States im- 
port products, resulted in foreign growth of a 
grapefruit canning industry that competed for 
this American-developed market. 

Canada is the major market for United 
States exports of single-strength and frozen orange 
and grapefruit juices, which are sold there in the 
same packages as for the U.S. domestic market. 
Canned single-strength, hot-pack lemon juice and 
grapefruit segments are exported in larger vol- 
ume to Europe than Canada. 
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Unlike the United States and Canada, 
Europe's principal use for citrus juice is for such 
industrial products as soft drinks and reconsti- 
tuted drinks. As a result, Europe has been the 
largest market for hot-pack orange and grapefruit 
concentrate. The Far East is also a major market 
for these products. Most frozen orange juice con- 
centrate sold to Europe is packed in 42-gallon 
steel drums for the bottling trade. 

United States exports of lemon juice and 
essential oils of orange and lemon are presented 
in table 2-20. The table also includes data on 
imports, which are discussed below. The United 
States, it will be noted, is a major exporter of both 
essential oils. Exports of essential oil of orange 
reached over 3 million pounds in 1961-62 and 


exports of essential oil of lemon were 620,000 | 


pounds. 

Citrus byproducts may be expected to 
maintain their position as the most significant 
United States citrus export media, and industrial 
juices will probably continue to be a more im- 
portant export item than consumer-packaged 
products. 

Citrus Byproduct Imports.—In addition to 


being a leading exporter of citrus byproducts, the 


United States also carries on an impressive im- 
port trade in citrus byproducts. 

In 1963-64, the United States imported 
almost 9 million gallons of orange juice (single- 
strength equivalent) and about 1 million gallons 
of lemon juice (table 2-20). Lemon juice has been 
imported in volume since the advent of the U.S. 
lemon juice market, but an import trade in orange 


Table 2-20 


UNITED STATES IMPORTS OF ORANGE JUICE AND TRADE IN LEMON JUICE AND ESSENTIAL 
OIL OF ORANGE AND LEMON; CROP YEARS, 1955-56 TO 1963-64 


Orange Juice 


Imports® Lemon Juice® 
(In =a echare (In Thousand U.S. Gallons) 
Crop Year — U.S. Gallons) Exports Imports 
1955-56 249 1,128 2,574 
1956-57 2 1,529 1,451 
1957-58 82 2,085 157 
1958-59 443 2,079 1,691 
1959-60 1,886 2,254 174 
1960-61 2,006 1,939 160 
1961-62 1,112 1,876 838 
1962-63 4,959 1,034 2,385 
1963-64 8,857 879 964 


Lemon Oil 
Orange Oil (In Thousand 
(In Thousand Pounds) Pounds) 
Exports Imports Exports Imports 
174 90 68 80 
1,911 100 236 97 
2,321 64 378 32 
2,309 77 275 87 
2,411 65 604 80 
2,763 79 746 182 
3,137 130 620 310 
3,001 135 237 749 
3,162 120 430 264 


Source: Compiled from data supplied by the Bureau of Census, U.S. Department of Commerce. 

* Includes single-strength juice, concentrated hot-pack and preserved juice, and frozen concentrate expressed in 
single-strength equivalents. 

t Includes unspecified concentrated juices, mostly frozen orange juice concentrate from Mexico. 
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juice is relatively recent and it wasn’t until 1959- 
60 that the volume reached a million gallons. 
Most imported orange juice originates in Mexico, 
and is a frozen orange juice concentrate that can 
be blended with Florida juices. Most lemon juice 
originates in Italy, where it is a product of little 
value and at times sells for as low as 5 cents 
(U.S.) per gallon. 

The record orange juice imports for 1962- 
63 and 1963-64 were attributable to temporary 
juice shortages in the United States following a 
freeze. As U.S. production again rises to meet 
market demands, orange juice imports will de- 
cline to a lower level and consist mostly of juices 
for blending purposes. 

Lime juice is imported each year from 
Mexico. Imports of concentrated lime juice ex- 
pressed in single-strength equivalents were 149,- 
000 gallons in 1962, 269,000 gallons in 1963, and 
117,000 gallons in 1964. Single-strength lime juice 
imports from Mexico in this same period totaled 
613,000 gallons, 488,000 gallons, and 657,000 gal- 
lons, respectively. 

In addition to juice imports, the United 
States imported 135,000 pounds of essential oil 
of orange and 749,000 pounds of essential oil of 
lemon in 1962-63 (table 2-20). These imported 
oils are usually of a different quality than the 
domestic production. Although imports of dis- 
tilled lime oil are not shown in table 2-20, the 
United States imported about 250,000 pounds of 
lime oil each year from Mexico between 1955 
and 1965. 

Still unresolved in 1965 were questions 
concerning the quality control measures that the 
United States could or should impose on foreign- 
produced citrus juices: If technology makes it 
possible to readily detect juice defects or adul- 
terations, should the United States accept foreign 
juice imports made from insect or mold-infested 
fruits or juice produced under conditions sub- 
standard for U.S. processing? Should the United 
States require foreign processors to meet stand- 
ards of fruit quality and cleanliness imposed 
on the domestic industry? Should packages con- 
taining foreign fruit juices be so labeled? The 
answer to these questions will be of critical con- 
sequence in determining the future volume of the 
citrus byproducts import market of the United 
States. 


United States Citrus Juice Characteristics 


Over 80 per cent of the world’s citrus 
juices are produced by the United States, and 
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each citrus-producing area of the country has its 
own processing industry. Unfortunately, no rig- 
orous studies of juice composition exist that com- 
pare citrus juice quality by area and fruit variety. 
The tabulations presented in this section have 
been selected from available sources, and illus- 
trate only in general terms the area differences 
in juice characteristics. 

There are no absolute values governing 
juice quality in any season under any conditions, 
since many variables are involved. Differences in 
the rootstock on which trees are grown, the type 
of soil in a production area, and the cultural care 
given each grove result in variations in juice com- 
position as does the variety of fruit and season 
of harvest. In any producing area, there are con- 
siderable differences in juice composition from 
year to year, reflecting seasonal climatic varia- 
tions. Variations in analytical methods also result 
in slightly different values for elements of juice 
quality. 

The variables in juice analyses are empha- 
sized to make it clear that the test values reported 
here cannot be considered precise or strictly com- 
parable. They are merely sample test results that 
illustrate the broad differences in juice composi- 
tion of citrus-producing regions of the United 
States. 

Orange Juice.—Selected data on juice char- 
acteristics of certain orange varieties in the United 
States, their producing districts, and the harvest 
seasons are given in table 2-21. 

Oranges grown in Arizona and California 
are well-colored table fruit of modest juice yield 
and high citric and ascorbic acid content. Juice 
oranges grown in Texas and Florida have higher 
juice yields—50 to 60 per cent by Bh a 
comparatively lower citric and ascorbic acid 
content. 

These fruit quality differences are basic to 
development of an orange juice oriented indus- 
try in Florida and the emphasis on fresh orange 
marketing in Arizona and California. The lower 
juice yields, low acidity, and high solids-acid 
ratios of Florida oranges illustrate the fine proc- 
essing quality of oranges grown in that state. 
The lower juice yields and higher acidity of Ari- 
zona and California fruit is a disadvantage in 
processing. 

Ascorbic acid content (Vitamin C) varies 
in U.S. oranges by variety, production area, and 
season. Values shown for California and Florida 
fruit are indicative of the range from early to 
late season. When marketed, most oranges from 
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these states have values between the two ex- 
tremes. Early fruits in each area have a higher 
ascorbic acid content than late season fruits. De- 
spite these variations, all United States oranges 
are a rich source of Vitamin C during their nor- 
mal marketing or processing season. 

Although this characteristic is not shown 
in table 2-21, orange juice in the Far West also 
has a more intense orange color than Texas and 
Florida orange juice. 
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Grapefruit Juice.—Selected data on juice 
characteristics of United States grapefruit, in- 
cluding specified varieties, producing districts, 
rootstocks, and seasons, are given in table 2-22. 

Arizona and California grapefruits are 
characterized by high citric and ascorbic acid 
content and low juice yields. While Texas and 
Florida grapefruits have much higher juice yields, 
their citric and ascorbic acid content is gen- 
erally lower. The high juice yields of Florida and 


Table 2-22 
SELECTED DATA ON JUICE CHARACTERISTICS OF U.S. GRAPEFRUIT 


Variety District 
and and 
Rootstock State Test Date 

Marsh Seedless Phoenix, Nov., 1946 

on Sour Orange Arizona Jan., 1947 
May, 1947 

Marsh Seedless Yuma, Nov., 1946 

on Sour Orange Arizona Jan. 1947 
May, 1947 

Marsh Seedless Indio, Dec., 1945 

on Sour Orange California Jan., 1946 
April, 1946 

Marsh Seedless Pomona, June, 1946 

on Sour Orange California July; 1946 
Sept., 1946 

Marsh Seedless Fort Pierce,” Nov., 1938-42 

on Sour Orange Florida Jan., 1939-43 
March, 1939-43 

Duncan on Fort Pierce,*® Nov., 1938-42 

Rough Lemon Florida Jan., 1939-43 


Marsh Seedless 


on Rough Lemon 


Shary Red 


on Sour Orange 


Marsh Seedless 
on Sour Orange 


Lake Hamilton,° 
Florida 


Monte Alto, t 
Texas 


Rio Grandef 
Valley, Texas 


March, 1939-43 


Nov., 1938-42 
Jan., 1939-43 
March, 1938-43 


Oct., 1956-58 
Jan., 1957-59 
March, 1957-59 


Oct., 1950 
Dec., 1950 


Juice Characteristics 


Ascorbic 
Juice Acid Solids- 

Content (mg per Total Acid Brix Acid 

(Per Cent) 100ml) (PerCent) (Degrees) Ratio 
39 48 1.91 12.5 6.1 
39 50 1.90 12.9 6.8 
41 46 1.35 10.2 7.6 
42 43 1.61 12.0 7.5 
40 42 1.66 11.4 6.8 
38 38 1.31 10.9 8.3. 
50 34 1.45 10.0 6.9 
50 35 1.53 10.6 6.9 
48 34 * 1.16 9.8 8.5 
39 39 1.94 11.9 6.1 
37 36 1.89 12.1 6.4 
40 29 1.67 12.1 7.2 
48 44 1.60 11.2 7.0 
52 42 1.44 11.2 7.7 
52 42 1.31 11.4 8.7 
46 43 1.61 10.4 6.5 
47 4l 1.52 10.4 6.8 
47 41 1.44 10.5 7.3 
42 42 1.55 10.5 6.8 
39 44 1.40 9.8 7.0 
38 45 1.17 9.5 8.2 
42 fa 1.35 10.0 7.4 
48 a 1.12 9.7 8.8 
49 we 1.00 9.6 9.6 
47 37 1.68 11.3 6.9 
49 37 1.42 11.5 8.0 


Sources: Arizona and California data: Rugs. G. L., and M. R. Gettig, 1955. Seasonal changes in Arizona and California 


grapefruit. U.S. Dept. Agr. Bul. No. 1130. 


Florida data: Harding, P. L., and D. F. Fisher, 1945. Seasonal changes in Florida grapefruit. U.S. Dept. Agr. 


Bul. No. 886. 


Monte Alto, Texas data: Cooper, W. C., and B. J. Lime. 1960. Quality of red grapefruit on xyloporosis and 
exocortis tolerant rootstocks. Jour. Rio Grande Hort. Soc. 14:66-76. 
Rio Grande Valley, Texas data: Krezdorn, A. M., and R. F. Cain. 1952. Internal quality of Texas grapefruit. 


Proc. Rio Grande Hort. Soc. 6:48—52. 
© Mean of four seasons. 
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{ Mean of four locations. 


76 THE CITRUS INDUSTRY 


Texas grapefruits, among other factors, have In terms of producing areas, grapefruit 
spurred processing growth in those states. South- grown in the Arizona desert at Yuma is less acid 
ern California grapefruit is grown primarily to than grapefruit from the Phoenix area. Califor- 
provide fruit for summer harvest, making grape- nia desert-grown fruit from the Indio area has a 
fruit a year-round fresh fruit crop in the United higher juice yield and far less acid than summer- 
States. harvested grapefruit from the Pomona area. 


Table 2-23 
SAMPLE ANALYSES DATA ON THE COMPOSITION OF U.S. LEMONS AND LIMES 


Citric Acid 
Juice . Citric Acid Per Ton 
State and Variety and Month of Content in Juice of Fruit 
District Rootstock Sample (Per Cent) (Per Cent) (Pounds) 
Arizona: | 
Salt River Valley Eureka on Sour Orange Sept. 45.5 5.92 53.8 
Nov. 50.5 6.05 61.1 
Dec. 49.5 5.59 59.3 
Yuma Mesa Lisbon on Rough Lemon Sept. 43.7 5.06 44.2 
Nov. 49.0 5.26 51.5 
Dec. 50.0 4.92 4.92 
California: - 
Coastal Ventura Eureka on Sweet Orange Feb., 1954 30.6 5.49 33.6 
County Feb., 1955 29.7 5.89 35.0 
Riverside Lisbon on Sour Orange Feb. 36.7 4,82 35.4 
Villafranca on Sour Orange Feb. 35.0 4.53 31.7 
Eureka on Sour Orange Feb. 37.7 4.65 35.1 
Santa Barbara Lisbon on Sweet Orange May 31.1 6.62 42.2 
33.8 6.65 45.0 
San Diego Lisbon on Cleopatra May 39.8 6.88 53.7 
Mandarin 
Florida: 
Avon Park Sicilian on Rough Lemon® Sept. 37.5 6.07 45.5 
Oct 43.8 5.83 51.1 
Nov 48.8 5.90 57.6 
Avon Park Mixed Lemons on Rough Sept. 51.4 5.38 55.3 
Lemon Oct. 53.2 5.38 57.2 
Nov 53.6 5.44 58.3 
Dec 57.5 5.41 62.2 
Feb 51.8 4.76 50.4 
Homestead Tahiti Lime on Rough Lemon Sept. 61.3 5.45 66.8 


Sources: Arizona data: Hilgeman, R. H., and R. J. Barr. 1960. Report on lemon maturity studies in 1959. Ariz. Agr. Expt. 
Sta. Rpt. 191:1-2. 
California data: Ventura: Jones, W. W. 1955. Unpublished data—Citrus Research Center, Riverside, Calif. 
Riverside: Batchelor, L. D., and W. P. Bitters. 1954. Juice and citric acid content of three California lemon 
varieties. Citrus Leaves 34(3):12—13. 
Santa Barbara: Goodall, G. E., and W. P. Bitters. 1958. Lemon fruit quality studies, Calif. Agr. 12:12. 
San Diego: Embleton, T. W., W. W. Jones, and A. L. Page. 1964. Potash hunger in lemons. Better Crops 
With Plant Food 48:2-5. 
Florida data: Avon Park: Oberbacher, M. F., W. Grierson, and E. J. Deszyck. 1961. Handling lemons for the 
fresh fruit market. Proc. Amer. Soc. Hort. Sci. 77:225, 230. Grierson, W., and S. V. Ting. 1960. Florida 
lemons for fresh and cannery use. Proc. Fla. State Hort. Soc. 73:284-289. 
Homestead: Colbum, B., F. E. Gardner, and G. E. Haranic. 1963. Rootstock trial for Tahiti limes in Dale 
County, Florida. Proc. Fla. State Hort. Soc. 76: 24-29. 
* Topworked on old seedy grapefruit trees on rough lemon stock. 
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Although some seasonal differences in Florida 
grapefruit are indicated in table 2-22, few dif- 
ferences appear in juice quality between produc- 
ing areas. In Texas, the Redblush (Ruby) variety 
of grapefruit seems to be somewhat less acid and 
to possess more juice than the Marsh Seedless 
variety from that state. 

Acid Citrus Juice.—Selected data on United 
States acid citrus and their juice characteristics 
are presented in table 2-23. California and Ari- 
zona lemons and Florida limes are all valuable as 
a fresh fruit and for processing. In 1965, only 
small quantities of Florida lemons were being 
produced, primarily for use in processing. 

Arizona lemons have a higher juice yield 
than California fruit, but about the same per- 
centage of acid content. If citric acid were ex- 
pressed in terms of weight in table 2-23, the 
higher Arizona juice yield would be matched 
by a higher acid yield per ton of lemons. There 
are data indicating Arizona lemons yield up to 
119 gallons of juice per ton of fruit -compared 
with up to 108 gallons per ton for California 
lemons. 

Lemons produced in the California coastal 
area of Ventura are less acid than fruit from such 
interior areas as Ontario and Glendora. Available 
data on Florida lemons indicate juice character- 
istics similar to Arizona lemons from the Yuma 
area. 


Arizona 


Citrus plantings in Arizona (Bg. 2-10) are 
situated aul in three districts: the lower Colo- 
rado River Valley and desert mesas around Yuma; 
the Wellton-Mohawk area; and the Salt River 
Valley, centering around Phoenix. 

In 1962, total Arizona citrus plantings con- 
sisted of over 32,000 acres, including about 17,000 
acres in oranges, about 11,000 acres in grape- 
fruit, about 7,000 acres of lemons and limes, and 
about 840 acres of mandarins and tangelo-type 
fruits. A breakdown of Arizona’s commercial acre- 


age by citrus class is given in table 2-24, which 


compares 1949 and 1962 estimates for the Phoe- 
nix and Yuma districts and presents 1964 esti- 
mates for the Wellton-Mohawk area. 

Arizona citrus is marketed largely by Cali- 
fornia citrus organizations. Grapefruit byprod- 
ucts are normally processed in the Phoenix area, 
but oranges and lemons are hauled to California 
plants for processing. 

Yuma District—Citrus plantings in the 
desert area about eight miles south of Yuma are 
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Fig. 2-10. Citrus areas of Arizona. 


on high, level mesas (altitude, 141 feet). Climatic 
conditions are almost identical with those in the 
desert section of California. Average annual rain- 
fall is about 3.5 to 4 inches, humidity is low, and 
temperatures of 100° F to 110° F are frequent 
during the hot summers. Winters are mild, but 
damaging frosts do occur. 

Yuma district soils consist of deep fine 
sand and silt from the Colorado River. Groves 
are usually large: 100 to 1,000 acres. Half of 
Yuma groves are absentee-owned. Some groves 
are interplanted, and average density is 95 trees 


Table 2-24 
ARIZONA CITRUS ACREAGE BY DISTRICT? 





District 

Class of Wellton- 
Citrus Mohawk _— Phoenix Yuma 
and Variety 1964 1949 1962 1949 1962 
Grapefruit: 

White 17 9,031 4,093 1,031 1,303 
Red 5 137 627 3 591 
Oranges: 

Valencia 2,265 3,669 3,970 469 8,599 
Navel 201 3,095 3,536 23 297 
Other 

Varieties 369 1,743 849 3 225 
Mandarin and 

Tangelo 

Types 483 234 677 22 640 
Lemons 22 629 =: 11,023 178 5,848 
Limes and 


Other Citrus 2 10 12 5 64 


° Total acreage, bearing and non-bearing. 
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per acre. Commonly, spacing distances of plant- 
ings are 22 by 22 feet and 22 by 20 feet. 

Irrigation is necessary throughout the year, 
and the average grove uses about 11 acre-feet of 
water annually. Water from the Colorado River 
is abundant, but it normally contains from 650 to 
850 ppm of total salts. 

Young trees are wrapped with paper or 
banked with earth to prevent winter frost dam- 
age. Heaters and wind machines are in use for 
frost protection. | 

Yuma is an early citrus area where bloom 
normally occurs in late February and March. 
Well-colored Valencia oranges are picked from 
February to May, grapefruit is picked over an 
extended season from November to June, and 
lemons are picked from August through January, 
providing lemon export opportunities in the fall. 
Mandarin varieties are picked before Christmas. 

Seven- to eight-year-old Valencia orange 
groves average about 250 boxes per acre, and 
six- to seven-year-old lemon groves yield about 
450 boxes per acre. Washington navel orange 
grove yields are low. 

Rough lemon rootstock is used for both 
oranges and lemons. New rootstocks and citrus 
varieties are being introduced at the alan 
of Arizona, Yuma Mesa Branch Station. Researc 
is being concentrated on finding a rootstock with 
the vigor and productiveness of rough lemon, 
which will produce better quality fruit. 

In 1962, there were five packinghouses in 
the Yuma district, and facilities were adequate 
for handling an increased fresh fruit output. 

Existing ee as of 1967 give Yuma a 
potential of producing 3 million boxes of oranges 
and 2 million boxes of lemons. Plantings and pro- 
duction of oranges and specialty citrus will in- 
crease in the future. 

Phoenix District.—Citrus plantings in the 
Salt River Valley near Phoenix are grown at an 
altitude of about 1,100 feet in sandy and clay 
loam soils. The climate is generally cooler than 
that of the Yuma district, and humidity is higher. 
Summer temperatures over 100° F are common. 
An annual rainfall of 7 to 8 inches is supple- 
mented by about ten irrigations per year, averag- 
ing between 2 and 4 inches per irrigation. 

Most groves are of full-bearing age and 
planted with spacing distances of about 22 by 
22 feet. While cultivation is generally practiced, 
there is a growing tendency toward non-tillage. 
Frosts damage trees occasionally, and some 
groves are protected by wind machines and 
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heaters. Salt accumulation and ircn chlorosis are 
problems in certain groves. 

Most Phoenix area citrus is grown on sour 
orange rootstock. Cleopatra mandarin appears 
quite promising as a rootstock, and nucellar lines 
of the common varieties have been introduced. 

Valencia oranges are packed in volume 
from March to June, and Washington navel 
oranges are harvested almost entirely in Novem- 
ber and December. Grapefruit is marketed from 
November through June and lemons from Octo- 
ber to December. 

Several fresh fruit packinghouses are lo- 
cated in the Phoenix area. This area exports from 
2 to 8 per cent of the grapefruit crop and some 
Valencia oranges. There is considerable produc- 
tion of sour or bitter oranges (Citrus aurantium 
L.), which are used in marmalades. Most sour 
oranges are along street parkways or in orna- 
mental plantings, although there are also some 
groves of sour oranges. 

New citrus plantings in the Phoenix area 
are predominantly Valencia and navel oranges. 
Considerable numbers of tangerines, tangelos, 
and other mandarin-type hybrids are also being 
planted, and the Phoenix district is tending to 
get into specialty citrus. 

Because citrus groves are being subdivided 
for homesites, Phoenix has only held its own in 
production during recent years. | 

Water for irrigation outside of the Salt 
River Valley Water Users Project is becomin 
scarce, and some is pumped from depths of 500 
feet. However, since citrus requires less water 
than hay crops and has a high crop value, citrus 
authorities believe production, will continue in 
the Phoenix area. 

Wellton-Mohawk District—The Wellton 
Mesa, an area extending from about 35 to 40 
miles east of the Yuma Mesa, began receiving 
water from the Colorado River in the early 1950's. 
There was no commercial citrus in this section 
in 1959, but by 1965 total citrus plantings were 
estimated at over 5,000 acres. 

The climate is similar to that of the Yuma 
district. Irrigation is necessary throughout the 
year, and water is provided by the Wellton- 
Mohawk Irrigation District. The most common 
spacing distances within groves are 22 by 22 
feet and 22 by 18 feet. Rough lemon is the pre- 
dominant rootstock. 

Arizona Pests and Diseases.—Commercial 
citrus pests of Arizona include thrips and mites, 
which are controlled by dust and chemical sprays. 
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Scale insects are of minor importance, and the 
Vedalia beetle controls cottony-cushion scale. 

Diseases include foot rot, black rot, Rio 
Grande gummosis, dry root rot, psorosis, stub- 
born disease, xyloporosis, tristeza, and exocortis. 
Because of resistant rootstocks and the dry cli- 
mate, fungus diseases do not result in severe 
commercial losses to Arizona citrus. 


California 


California citrus fruits for home use are 
grown in coastal areas as far north as San Fran- 
cisco and in interior valleys as far north as Butte 
and Tehama counties. Commercial areas, how- 
ever, are relatively limited (fig. 2-11) and may 
be roughly classified into coastal, interior valley, 
and desert sections, each with different climatic 
conditions. 

Citrus plantings extend from 175 feet be- 
low sea level in the desert section of the southern 
part of the state to some 2,500 feet above sea 
level in the interior valley sections. California 
soils are generally fertile, but range from fine 
sand to heavy clay. Alluvial valley soils are deep 
and hillside soils tend to be shallow and Heavy. 
In some districts, the soils in even a 50-acre 
grove may range from sand to heavy black loam. 

Citrus-bearing acreage in California in 
1961-62 was estimated at approximately 192,000 
acres, a decrease of more than one-third from 
1945-46 (table 2-14, p. 66). This decline in 
bearing acreage was brought about by the urban- 
ization of southern California, which resulted in 
removal of large areas of citrus, primarily in Los 
Angeles and Orange counties, the major source of 
tree-stored, summer-harvested Valencia oranges 
in the past. In the future, California will produce 
progressively more winter oranges as urbaniza- 
tion drives citrus from the coastal basin. The 
major feature of the California orange industry 
of the future can be expected to be a predomi- 
nantly winter orange harvest. 

Since 1961-62, there have been extensive 
new plantings in inland areas. Total citrus plant- 
ings in 1965 were estimated at 254,510 acres of 
which 74,229 acres were non-bearing. Cittus 
plantings in 1965 included 96,696 acres of Valen- 
cia oranges (33,470 acres non-bearing), 89,865 
acres of navel oranges (27,889 acres non-bearing), 
12,928 acres of grapefruit (1,113 acres non-bear- 
ing), and 44,907 acres of lemons (3,148 acres non- 
bearing). Mandarins and miscellaneous specialty 
citrus comprised 8,871 acres (4,437 acres non- 
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Fig. 2-11. Citrus areas of California. 


bearing), and there were approximately 500 acres 
in limes. 

Orange plantings are expanding in the San 
Joaquin Valley and Riverside County. The Cali- 
fornia Water Plan is scheduled to provide Feather 
River water to the east side of the San Joaquin 
Valley about 1970. Undoubtedly considerable cit- 
rus acreage will be planted in this area once 
water is available. Harvest of navel and Valen- 
cia oranges in central California districts being 
planted will be completed in June, thereby re- 
sulting primarily in a winter orange crop. Cali- 
fornia will maintain its role as the world’s largest 
lemon producer, although plantings will probably 
remain at their present level. Production of spe- 
cialty varieties such as Dancy, Clementine, Or- 
lando, Minneola, Kinnow, and the satsuma group 
is likely to increase. 

Distribution and Climatic Conditions.— 
California citrus is grown in a wide range of 
climates from the mild Mediterranean-like coastal 
area, which produces well-colored table oranges, 
to the hot, arid desert regions. Rainfall through- 
out the state occurs mostly from November to 
April, and thete is little rainfall during the sum- 
mer months. 

California’s coastal citrus section extends 
from the Mexican border along the Pacific Coast 
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northward to Santa Barbara and inland some fif- 
teen to twenty-five miles. In general, it is bounded 
by the coastal range of mountains, although in 
the vicinity of Pomona and Claremont this sec- 
tion merges with the southern district of the 
interior valley section. : 

_ Humidity in the coastal section is rela- 
tively high, ranging from an annual average of 
about 72 per cent in San Diego to about 63 per 
cent in Los Angeles. Total annual rainfall aver- 
ages from about 10 inches in the south (San 
Diego) up to 20 inches in the north (Santa Bar- 
bara and Ventura). Mean annual temperatures 
range from 61° F (San Diego) to 63° F (Los 
Angeles). Absolute maximums of 110° F and 
absolute minimums of 28° F have been experi- 
enced in the coastal section. In general, summers 
are cool and winters warm. 

The interior valley section includes three 
rather distinct districts: (1) the southern or upper 
Santa Ana River Valley district in the western 

art of Riverside and San Bernardino counties; 
2) the central or San Joaquin Valley district, in- 
cluding plantings in Tulare, Fresno, and Kern 
counties; and (3) the northern or Sacramento 
Valley district, including plantings in Butte, 
Glenn, Tehama, and Sacramento counties. 

The interior valley districts are character- 
ized by medium humidity, averaging 51 to 53 
per cent annually, medium-hot summers or grow- 
ing periods, and cold winters, as compared with 
the coastal and desert sections. Mean annual 
temperatures in the three districts range from 
60° F to 64° F. Absolute maximum and minimum 
temperatures for the southern district range from 
112° F to 118° F and from 18° F to 21° F, re- 
spectively; for the central district, from 114° F 
to 115° F and from 18° F to 19° F; and for the 
northern district, from 117° F to 120° F and from 
15° F to 18° F. Average annual rainfall in the 
southern district ranges from 10 to 20 inches; in 
the central district, from 9 to 15 inches; and 
in the northern district, from 18 to 28 inches. 

The California desert section is a unique 
citrus region similar to the citrus areas of Arizona 
and Israel. It includes plantings in two dis- 
tricts of the southeastern part of the state, both 
in the Colorado Desert area east of the San 
Jacinto Mountains. The Coachella Valley dis- 
trict is in the northwestern part of the section 
in Riverside County, and the Imperial Valley 
district is in the southeastern part of the section 
in Imperial County, extending to the Mexican 


border. 
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Rainfall throughout the desert section is 
light, averaging only about 3 inches annually. 
Humidity is generally low, averaging from 37 
to 39 per cent, although in the driest months from 
April to September there have been dagen 
of humidity as low as 5 per cent. The mean yearly 
temperature ranges from 71° F to 73° F. Abso- 
lute maximums have reached 124° F (Imperial) 
and 125° F (Indio), but in ordinary years do not 
exceed 118° F or 120° F. Actual grove minimums 
as low as 13° F and 14° F have been experienced. 

The desert section receives a greater per- 
centage of sunshine than the coastal or interior 
valley sections, a factor presumed to be asso- 
ciated with early maturity of the fruit. The 
section is especially adapted to early-maturing 
grapefruit. 

All California citrus-growing sections are 
subject to frost damage. Interior areas such as 
those near Porterville,- Riverside, and Ontario 
usually are subjected to colder conditions than 
the coastal areas of Ventura and Orange coun- 
ties and the desert section. 

Severe freezes have occurred in 1913, 
1922, 1936, and 1962-63, damaging the fruit in 
most areas and the trees in the coldest districts. 
Frost protection equipment, consisting of wind 
machines and oil-burning heaters, guards nearly 
half of California’s citrus orchards. 

Varieties.—In 1963, total bearing and non- 
bearing citrus plantings in California consisted 
of about 37 per cent Valencia oranges, 33 per 
cent navel oranges, 6 per cent grapefruit, 20 
per cent lemons, and 4 per cent other citrus 
varieties. About three-quarters of lemon plant- 
ings were in Eurekas, followed next by Lisbons. 
There were minor plantings of .the Villafranca 
variety. Nearly all California grapefruit is Marsh 
Seedless, although some pigmented varieties are 
grown in the desert section. 

A small quantity of Dancy tangerines and 
Clementines are grown in California. Other spe- 
cialty mandarins beginning to attain commercial 
significance are the Kara, Kinnow, and the sat- 
suma groups. The Minneola and Orlando tange- 
los are also specialty fruits becoming commer- 
cially important. 

California citrus normally blooms in March 
and April. The harvest periods by area and 
county are presented in table 2-25. 

The most important rootstock is sweet 
orange, although there are extensive’,plantings 
on sour orange, rough lemon, Cleopatra man- 
darin, trifoliate orange, and Troyer citrange. Sour 
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orange rootstock is being replaced with tristeza- 
tolerant stocks such as Troyer citrange in plant- 
ings since about 1957. 

Average Valencia orange yields are about 
300 field boxes an acre annually, and navel orange 
yields are slightly less. Desert winter grapefruit 
yields average about 400 field boxes and summer 
grapefruit about 300 boxes per acre. Lemon 
yields range from 350 to 400 field boxes an acre. 
Field boxes in California contain from 55 to 65 

unds of fruit. 

Cultural Practices.—Most California citrus 
is irrigated from six to ten times a year. Since 
many of the practices for irrigated citrus culture 
originated in California, these cultural techniques 
have reached their highest development in this 
state. 

Water is usually pumped and applied by 
sprinklers or distributed in furrows and furrow 
basins. Mechanical tillage is common, but the 
majority of central California groves employ an 
essentially non-tillage culture that involves chem- 
ical weed control. 

Citrus care routinely involves minor ele- 
ment sprays, chemical fertilization, chemical and 
biological pest control, and mechanical and hand 
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pruning. Soil and leaf analyses are often used as 
guides in fertilization and irrigation. Pest control 
is usually handled by trained, licensed pest con- 
trol operators. 

Major cultural problems include: small- 
sized fruit; securing adequate water supplies; 
maintaining sufficient, but not excessive, soil 
moisture; control of salinity; plow sole difficul- 
ties in groves mechanically tilled for long pe- 
riods; virus diseases; fungus diseases of the tree 
roots; and nematodes, rodents, and pests that 
are resistant to chemical sprays. Air pollution is 
a special problem in southern California. 

Pest and Diseases.—California climatic 
variations are such that life cycles of destructive 
pests and control requirements may be strikingly 
dissimilar in areas only ten miles apart. Conse- 
quently, individual pests vary in importance in 
the different climatic zones. 

Principal citrus pests of California are 
listed below in their order of importance: 

Coastal area: citrus red mite, California 
red scale, citrus bud mite, black scale, purple 
scale, spirea aphid, cotton aphid, black citrus 
aphid, green peach aphid, leak roller, pink scav- 
enger caterpillar, and black orangeworm. 


Table 2-25 
CALIFORNIA CITRUS HARVEST PERIODS BY AREA AND COUNTY 


Variety or 


Class of Citrus Area and County 


Navel Oranges 


Harvest Period 


Central California: 


Tulare, Kern, Fresno 


Southern California: 


November-April 


January-May 


Orange, Ventura, Los Angeles, Riverside, San Bernardino 


Northern California: 
Glen, Butte, Tehama, Sacramento 


Central California: 
Tulare, Kern, Fresno 


Valencia Oranges 


Southern California: 


December-February 
March-June 


March-November 


Orange, Ventura, Los Angeles, Riverside, San Bernardino 


Grapefruit Desert Section: 
Riverside, Imperial 
Southern California: 
Los Angeles, Riverside 

Lemons Southern California: 


November-June 
April-October 


Year-round 


Santa Barbara, Los Angeles, Riverside, Orange, San Bernardino, 


San Diego 


Source: Royston, R., I. Holmes, and E. L. Parks. 1960. Fruits and tree nuts, bloom, harvesting, and marketing dates, 
and principal producing counties by states. U.S. Dept. Agr. Handbook 186. 
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Interior valleys of southern California: 
citrus red mite, California red scale, purple scale, 
spirea aphid, citrus thrips, orange tortrix, yellow 
scale, black scale, and citricola scale. 

Interior valleys of central California: citrus 
thrips, yellow scale, citricola scale, potato leaf- 
hopper, cottony-cushion scale, and California red 
scale. 


Desert area: citrus thrips, cottony-cushion 
scale, Yuma spinning mite, California red scale, 
and omniverous leaf roller. 

Psorosis, tristeza, and stubborn are major 
citrus virus diseases in California. Other virus 
diseases such as xyloporosis and exocortis have 
become important as new scion rootstock combi- 
nations have come into commercial use. Attempts 
are being made to eliminate virus diseases from 
new plantings by the use of virus-free budwood 
and tristeza-tolerant scion-rootstock combinations. 

Foot rot and Armillaria fungus are major 
causes of trunk and root rot in California. Nema- 
todes and rodents are also responsible for exten- 
sive damage to citrus orchards. 

California Marketing.—Cooperative citrus 
marketing originated in California. Beginning in 
1893, Sunkist Growers, Inc. pioneered grower- 
controlled marketing, and grower cooperatives 
developed the California industry by advertising 
such brands as “Sunkist” to establish markets. 

Over 80 per cent of all California citrus 
is today sold through cooperative organizations 
that pack, sell, and process the crops of their 
members. 

California citrus is clip-picked by hand, 
hauled to a packinghouse in field or bulk boxes, 
and usually placed in cool he to await pack- 
ing. Packing is mechanized, and few employees 
are required to wash, brush, size, and volume- 
pack the fruit automatically in paper cartons. 
Grading is still a hand operation, although in 
some packinghouses lemons are color sorted for 
storage by electronic devices. 

California markets oranges and lemons in 
commercial volume every month of the year. In 
the case of lemons, this is accomplished by pick- 
ing winter lemons just breaking in color during 
the first months of the year and storing the fruit 
under controlled conditions so that it ripens sev- 
eral months later for the summer market. 

Oranges are stored on the tree in the mild 
coastal or intermediate valley areas of Orange, 
Los Angeles, Riverside, San Bernardino, and Ven- 
tura counties. Some mature Valencia oranges are 
held on the tree from four to six months after 
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maturity is reached. This prolongment of the 
marketing period by natural and artificial storage 
is a significant feature of the California ee 

More than fifty processing plants in Cali- 
fornia produce some type of citrus byproduct. 
Approximately ten plants are responsible for the 
bulk of all processing, among them the coopera- 
tive Sunkist Growers, Inc., the largest California 
processor and the largest lemon processor in the 
world. 

Processing in California was originally de- 
veloped to salvage fruit unsuitable for fresh sale. 
The lower juice yield of California oranges, the 
poor processing characteristics of navel oranges, 
and certain economic factors made them less 
suitable than Florida oranges for converting a 
major portion of the crop to such products as 
frozen orange juice concentrate. 

Since California could not compete with 
the consumer-type, single-strength and frozen 
orange and grapefruit juices of Florida, process- 
ing of fruit unsuitable for the fresh fruit market 
was concentrated on industrial orange juice. Cali- 
fornia thus became the leading U.S. producer of 
hot-pack orange juice concentrate for institutional 
and industrial use. California is also the leading 
producer of frozen and canned single-strength 
lemon juice packed in consumer-size cans and 
a major source of lemon oil and pectin. 

Like Florida and Texas, California has an 
established chilled juice industry that operates 
year-round to supply chilled juice and juice 
drinks to the Pacific Coast market. 

Fresh domestic shipments of California 
navel and Valencia oranges and lemons are con- 
trolled by a U.S. Department of Agriculture 
marketing agreement established under the Agri- 
cultural Marketing Agreement Act of 1937, as 
amended January 1, 1963, to control the weekly 
volume of domestic shipments. This volume con- 
trol excludes processed or exported fruit. 

The agricultural code of the state of Cali- 
fornia establishes the standards of maturity for 
citrus fruit as follows: Oranges must have a 
soluble solids-to-acid ratio of more than 8-to-1 
if 25 per cent of the surface of 90 per cent of 
the fruits have attained an orange color, and a 
soluble solids-to-acid ratio of more than 10-to-1 
if the average surface of 95 per cent of the fruits 
have attained an orange color. Lemons must have 
at least 30 per cent juice by volume. Grapefruit 
is considered mature when the total soluble 
solids-to-acid ratio is 5.5-to-1 in all parts of Calli- 
fornia except the desert section where the total 
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soluble solids-to-acid ratio must reach 6-to-1. 
California state standards also provide for 
the appearance and condition of the fruit and 
impose restrictions for measuring fruit frost dam- 
age. Additional grade standards have been estab- 
lished by California marketing organizations. 


Florida 


Semitropical Florida (fig. 2-12) spree 
almost 75 per cent of the world’s grapefruit and 
about 25 per cent of the world’s oranges. Most 
limes, tangelos, and tangerines produced in the 
United States are also grown in Florida. The 
total planted citrus area of Florida in 1965-66 
consisted of 858,082 acres,. including 250,576 
acres that were as yet non-bearing (table 2-26). 

Florida can be expected to maintain its 
position as the dominant world producer of orange 
juice. The tremendous expansion of Florida's 
citrus industry since World War II is indicated 
by an increase in orange plantings alone of 
165,000 acres between 1945—46 and 1961-62 (table 
2-14, p. 66). 

Citrus in Florida is distributed more or 
less throughout the state where soils are suit- 
able. Most favorable citrus soils in Florida are 
acid, usually ranging from pH 5 to 6.5. A few 
calcareous soils ranging in pH from 7 to 8 are 
planted in citrus. The natural plant association 
areas known as hammocks, high pinelands, and 
flatwoods are recognized in the order named as 
the best lands for citrus culture. 

Hammock soils: The hammocks are usually 
low-lying areas, rich in organic matter, and origi- 
nally occupied by a natural growth of oak, hick- 
ory, and magnolia, and cabbage palmettos in the 


Table 2-26 
FLORIDA CITRUS ACREAGE FOR 1965-66 








Class of Bearing Non-Bearing Total 
Citrus Acreage Acreage Acreage 
Oranges °® 488,952 206,908 695,860 
Grapefruit 85,809 17,415 103,224 
Tangerines 12,866 4,767 17,633 
Tangelos 7,034 9,877: 16,921 
Murcotts 5,089 4,093 9,182 
Limes 2,787 872 3,659 
Lemons 1,459 5,781 7,240 
Other Citrus 3,510 853 4,363 
Total, 

All Citrus 607,506 250,576 858,082 


Source. Crop and Livestock Reporting Service, Florida De- 
ent of Agriculture, Orlando, Florida. 
* Includes Temple oranges. 


Google 





83 


<p 


© ammo « 
Z “—=° au oom ¢ em a 
° 


D Jacksonville 


OTallahossee % ly 


; Miaomiiy « 


Fig. 2-12. Citrus areas of Florida. 


areas near the coast. Fruit grown on hammock 
lands has a reputation of superior quality, and 
most of the early Florida plantings were on such 
soils. Few hammock lands now remain unplanted 
except in high frost-hazard areas. 

High pineland soils: The natural growth 
on the high pineland soils was originally stands 
of longleaf pine with scattered red oak and post 
oak. The soils are in general very sandy, very 
deep, and very well-drained. While generally 
See citrus soils, they are quite lacking in native 
ertility and are thus dependent on added plant 
nutrients. 

Flatwood soils: Flatwood soils are low and 
level and originally were covered with pine. 
Other natural vegetation includes saw-palmetto, 
wiregrass, and cypress. Flatwood soils may have 
a hardpan layer near the surface, and many are 
poorly drained. Since World War II, and espe- 
cially since the 1957-58 freeze, large acreages 
of flatwood soils are being planted to citrus in 
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the southern part of the state, following exten- 
sive investment in reclamation through drainage 
works, subsoiling, tilling, and planting of cam- 
bered beds. 


Distribution and Climatic Conditions.— 
The citrus-growing region of Florida is indicated 
in figure 2-12. The most concentrated areas of 
citrus production are found in the central “Ridge” 
section, which consists largely of high pine soils 
found in Lake, Polk, Orange, and Highlands 
counties, and the coastal Indian River section 
of Brevard, St. Lucie, Martin, Palm Beach, and 
Indian River counties. Almost every county in 
the state, however, has some small grove plant- 
ings. The major lime production area is Dade 
County, which is relatively free from frost 
hazards. 

Florida rainfall occurs every month in the 
year and the amount falling in any individual 
year may vary from 37 to 84 inches. Average an- 
nual rainfall within the Florida citrus belt is 
about 52 inches. Most precipitation takes place 
in the summer, from May to September. From 
October through April, rainfall is often insuffi- 
cient for the needs of citrus trees. 

The average daily relative humidity of 72 
per cent is fairly constant throughout the year. 
Highest daily temperature in summer usually 
ranges from 93° F to 95° F, and the all-time 
maximum for the state is 107° F. 

All Florida citrus areas are subject to frost, 
although newer plantings in the southern part 
of the state have a much lower frost hazard than 
northern citrus areas. Minimum temperatures 
below 32° F are expected every winter and in- 
variably occur in the northern part of the state, 
although they are not reached every winter in 
the southern part. Florida citrus orchards were 
damaged by major freezes in 1830, 1894-95, 
1899, 1916-17, 1926-27, 1939-40, 1957-58, and 
1962-63. Mild to moderate freezes have occurred 
in many other years. 

Frost protection is not practiced intensively 
in Florida, and only about 20 per cent of plant- 
ings are protected by frost equipment. Wind 
machines, sprinklers, oil-burning heaters, and 
wood fires are employed against frost. Proximity 
to lakes or the ocean, differences in grove eleva- 
tion, air drainage, and other factors result in wide 
frost-hazard variations in each area. 

When frost damages fruit, Florida’s gigan- 
tic sarsaaal industry can salvage great quanti- 
ties before fruit spoils, since the state has a 
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processing capability of over 5 million boxes 
a week. 

Besides frost, drought and hurricanes are 
threats to Florida citrus. Significant crop reduc- 
tion was caused by hurricanes in 1926, 1928, 
1941, 1944, 1945, 1946, 1947, 1948, 1949, 1950, 
and 1960. 


Varieties.—The Florida citrus industry 
classifies orange varieties in three groups based 
on season of maturity: early, midseason, and late. 
An indication of the wide variety of oranges and 
other citrus grown is given in table 2-27, which 
shows the number of trees moved by Florida 
nurseries from 1930-31 to 1965-66. 

In 1964, the percentage of orange trees 
moved from nurseries by variety were as fol- 
lows: Valencia, 32 per cent; Hamlin, 36 per cent; 
Pineapple, 20 per cent; Parson Brown, 2 per cent; 
navel, 1 per cent; Queen, 7 percent; and other 
varieties, 2 per cent. Comparable figures for 
grapefruit varieties were: Marsh Seedless, 81 
per cent; Duncan, 6 per cent; Red Seedless, 4 per 
cent; Thompson, 2 per cent; and other varieties, 
7 per cent. 

The Valencia is the leading commercial 
fruit and this late season variety comprises almost 
half of the state’s orange plantings. oe! season 
varieties of commercial significance are the Ham- 
lin and Parson Brown. The leading midseason 
variety is the seedy Pineapple. 

Several navel orange strains are grown in 
Florida, none as important to that state as the 
Washington navel is to California. Navels in 
Florida are harvested from October to January. 
As a group the navels comprise less than 3 per 
cent of Florida production. 

Besides the major orange varieties men- 
tioned, Florida grows small commercial quanti- 
ties of numerous other orange varieties, includ- 
ing the Homosassa, the Jaffa (introduced from 
Palestine about 1883, but not to be confused with 
the Shamouti), the Lue Gim Gong, the Pope 
Summer, and some blood oranges such as the 
Ruby. 

Florida’s principal grapefruit is the Marsh 
Seedless. The best known seedy grapefruit of 
commercial importance is the Duncan variety. 
Several pigmented types are grown commercially, 
including the seedy Foster pink, the Thompson, 
and several nearly seedless red strains. 

Most mandarin production in the United 
States is from Florida, where 80 per cent of the 
plantings are the Dancy tangerine variety. The 
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Temple orange, a tangor type originating in Ja- 
maica, comprises about 80 per cent of Florida’s 
hybrid citrus. Tangelos comprise 8 per cent 
of hybrid production. Florida is presently plant- 
ing new types of hybrids such as the Murcott 
tangor and the Robinson tangerine-tangelo. 

Lemon production is relatively small in 
Florida, and the Persian lime is the principal 
acid citrus. Florida produces about 95 per cent 
of the limes grown in the United States, although 
lime production is far lower than that for Cali- 
fornia lemons. | 

The predominant Florida rootstock is 
rough lemon (Citrus jambhiri Lush.), a native of 
India that is believed to have reached Florida 
early in the nineteenth century. On deep, well- 
drained, sandy soils it produces larger trees in 
shorter time than any other rootstock. Sour orange 
(Citrus aurantium L.) is the second most impor- 
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tant rootstock, and is preferred for low hammock 
and flatwood soils. Other rootstocks coming into 
use include the Rangpur lime, Cleopatra man- 
darin, trifoliate orange, sweet orange, and the 
Troyer citrange. 

Florida citrus normally blooms in Febru- 
ary and March. Usual harvest periods are shown 
in table 2-28. 

Florida growers have achieved the highest 
citrus yield in the United States. Full-bearing 
groves average about 350 field boxes of oranges 
an acre and 500 field boxes of grapefruit. 

Cultural Practices.—Florida has developed 
a highly industrialized citrus culture, character- 
ized by large groves that are mostly operated 
in units of several hundred acres, mechanized 
cultural practices, bulk handling of fruit, and 
processing of most citrus production in highly- 
mechanized, large-capacity plants. 








Table 2—27 
CITRUS TREES MOVED FROM FLORIDA NURSERIES BY VARIETY, 1930-31 TO 1965-66 
(In Thousand Trees) 
Class of Citrus Trees Moved From Nurseries 
and Variety 1930-31 1940-41 1950-51 1960-61 1965-66 
Oranges: 
Hamlin 49 145 36 604 482 
Parson Brown 52 38 63 79 48 
Navel 2 31 23 34 40 
poe e 49 83 201 479 487 
Pope Summer bes oe 41 2 34 
Lue Gim Gong 20 31 25 10 18 
Valencia 143 189 483 851 508 
Other Varieties _ 86 _72 46 162 78 
Total, Oranges 401 589 918 2,311 1,785 
Grapefruit: 
Duncan 29 4 21 12 30 
Marsh 110 47 42 108 570 
Foster 1 2 49 oo iad 
Thompson 2 24 59 4 17 
Red Seed ase see 48 ee _ 
Red Seedless a 2 98 7 20 
Other Varieties 121 8 12 9 142 
Total, Grapefruit 263 87 329 141 779 
Mandarins 92 36 164 196 181 
Tangelos 1 5 30 87 dese 
Limes ll 27 17 10 21 
Lemons 3 3 7 15 73 
Other Citrus 15 15 20 48 143 
Total, All Trees 786 762 1,485 2,808 2,982 


Sources: Bedaae | movement data supplied by Mr. Zach Savage, Department of Agricultural Economics, Florida Agri- 
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Experiment Stations, Gainesville, Florida. 
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Table 2-28 
FLORIDA CITRUS HARVEST PERIODS 


Class of Citrus Harvest P eriod 
and Variety Begins Peaks Ends 
Oranges: ‘s : 
Early and September January Marc 
idseason 
Temple December February de 
Valencia February _ April July 
Tangelos October December January 
Tangerines October December February 
Grapefruit: 
Seedless September April June 
Seedy and September February May 
Other 
Limes April June-August March 


Florida nurseries usually bud trees low, 
two to three inches above the ground, and plant 
them in the orchard with bare roots. As land 
values have increased and cultural techniques 
changed, the density of Florida citrus plantings 
has risen. Plantings averaged about 38 trees per 
acres in the 1915-25 period, increased to 66 trees 
per acre in the 1930-50 ee and were esti- 
mated at 92 trees per acre for the 1950-60 decade. 

Although groves of 20 to 25 acres are com- 
mon in Florida, many orchards are over 100 acres 
and some are over 1,000 acres. A few corpora- 
tion-developed groves of more than 5,000 acres 
may also be found. 

To conserve moisture, most Florida groves 
are clean cultivated in the fall, winter, and spring. 
Cover crops are grown in the rainy summer 
months and may be chopped mechanically dur- 
ing the growing season to add humus to the soil. 

Sprinkler irrigation, using portable, quick- 
coupling pipe or permanent overhead risers, is 
becoming increasingly common in Florida during 
fall and spring. Water is available in most dis- 
tricts from wells and lakes. Water from a few 
artesian sources contains 500 to 1,500 ppm of 
salt. The light soil prohibits use of furrow basin 
irrigation. 

Fertilization is an important part of pro- 
duction cost in Florida citrus culture. Applica: 
tions are made one to three times a year by 
mechanical spreaders that distribute bulk-mixed 
fertilizer from tree trunk to tree trunk. Chemical 
fertilizers are mixed preparations that in some 
cases include nitrogen, phosphorous, potassium, 
ia ea calcium, copper, manganese, and 

oron. 
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Nitrogen is commonly eee in amounts 
of between 100 and 300 pounds per acre annu- 
ally. Dolomitic limestone is commonly applied 
to prevent acidification of the light, sandy soils. 
Zinc is routinely applied as a foliage spray. 

The primary pruning practice in Florida is 
mechanical hedging of crowded trees. Deadwood 
may be removed from frost- or hurricane-damaged 
groves. 

Florida grapefruit trees are sometimes 
sprayed in the late spring with arsenic to hasten 
maturity. Since grapefruit have a green or partly- 
green peel when mature enough to pick, early 
harvested fruit is treated with ethylene gas to 
improve color. For fresh fruit marketing, early 
oranges and tangerines may be gassed to im- 
prove rind color. Some early oranges are treated 
with a hot bath of red dye to enhance rind 
coloring. 

Pests and Diseases.—The major citrus pests 
of Florida include: spreading decline (caused by 
the nematode Radopholus similis), rust mite, 
purple and six-spotted mite, Florida red scale, 
purple scale, snow scale, and white fly. Aphids, 
mealybugs, and grasshoppers are minor pests. 

Major Florida citrus diseases include: pso- 
rosis (types A and B), xyloporosis, exocortis, tris- 
teza, brown rot gummosis, Clitocybe root rot, 
Armillaria root rot, melanose fungus (severe in 
periods of high humidity), citrus scab, and a 
blight whose cause is unknown. 

Two major infestations of the Mediterra- 
nean fruit fly have been eradicated, and Florida 
is free of this pest as are all other United States 
citrus areas. Citrus canker, a bacterial disease, 
was eradicated in Florida between 1914 and 
1931. Very strict U.S. Department of Agriculture 
and state quarantine regulations and surveillance 
‘ssh the United States citrus industry from 

oreign pests and diseases. 

Florida Marketing.—Florida’s growing 
processing industry, which included nearly 100 
plants in 1965, dominates the state’s citrus mar- 
keting. Sales of citrus to processors have risen 
from 35 per cent of the crop in 1945—46 to almost 
85 per cent in 1961-62. - 

Processing plants are highly mechanized 
and among the world’s largest. One plant has 
the capacity for processing 12 million boxes a 
year or 90,000 boxes daily. During the 1961-62 
season (November-July), Florida’s processors 
used nearly 110 million boxes of citrus, includ- 
ing 92 million boxes of oranges and 17 million 
boxes of grapefruit (table 2-14, p. 66). 
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Although most Florida citrus areas sell 
their crop mainly to processors, the Indian River 
district remains an exception, using fresh sales 
as the primary outlet and auctions as the major 
sales method. In the 1961-62 season, 53 per cent 
of the Florida oranges and 85 per cent of the 
grapefruit sold at auction came from the Indian 
River district. Eastern auction markets have con- 
sistently paid premium returns for Indian River 
fruit (table 2-29). 

Some Florida processors own groves and 
produce part of their fruit supply. Most process- 
ing supplies, however, are purchased from the 
growers by the processor, who pull-picks the fruit 
and hauls it to his plant in loose-bulk truck loads 
(often 30 tons or more). 

Because Florida’s primary citrus product 
is frozen orange juice concentrate, the grower is 
usually paid on the basis of fruit quality, estab- 
lished by test at the processing plant in terms 
of pounds of solids (sugar plus acid) per box or 
per ton. The significance of this test in determin- 
ing market value is illustrated by the fact that 
oranges with 7.02 pounds of solids per box yield 
1.69 gallons of frozen concentrate, while oranges 
testing only 3.7 pounds of solids yield only 0.90 
gallons of frozen concentrate per box. In addition 
to fruit purchased directly for processing, the 
processor also buys fruit that is rejected by fresh 
fruit packinghouses. 

Single-strength grapefruit juice is Florida’s 
second most important citrus product. Concen- 
trated juices for industrial use are of less impor- 
tance (table 2-16, p. 68). In addition to frozen 
concentrated and canned single-strength juices, 
other Florida citrus byproducts include canned 
citrus segments, dehydrated peel used for cattle 
feed, molasses, pectin, essential oils, and other 
items. 

Chilled juice, sold in consumer containers, 
is increasing in importance. This industry uses 
fresh juice in the processing season from Novem- 
ber to June and reconstitutes frozen juice for the 
summer season. 

Intensive research is developing new prod- 
ucts such as dehydrated juice or juice crystals 
and high-density concentrates. Also, research has 
produced some synthetic drinks flavored with 
orange or lemon oil which are beginning to offer 
some competition against natural juices. 

Domestic marketing of fresh oranges, 
grapefruit, and mandarin varieties is regulated 
by the U.S. Department of Agriculture market- 
ing agreement established under the Agricultural 
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Marketing Agreement Act of 1937, revised Janu- 
ary 1, 1963. This agreement establishes the grade 
and size of fruit shipped each week in the domes- 
tic market, but excludes processed or exported 
fruit. 

In addition to the U.S. Department of 
Agriculture grade standards for Florida fresh 
fruit, the Florida Citrus Commission has been 
empowered by the state “Florida Citrus Code” 
to make regulations governing grades and the 
inspection of fresh and processing citrus. Matu- 
rity standards established under this code are 
as follows: 

Oranges: Oranges must attain a “break” 
in color on 50 per cent of the surface of the 
fruit, August 1 to October 31, and 25 per cent 
after October 31; total soluble solids of not less 
than 9 per cent from November | to 15, and not 
less than 8.7 per cent to July 31; and minimum 
juice content of about 41 per cent by weight; and 
a minimum total solids-to-acid ratio ranging from 
8-to-1 to 10-to-1, depending on total solids con- 
tent of the fruit. 

Grapefruit: To be “mature,” grapefruit 
must attain a yellow color on 25 per cent of the 
surface of each fruit; a total soluble solids of not 
less than 7 per cent from January 1 to July 31; 
a minimum juice content by weight ranging from 
about 33 per cent for size 28 to 61 per cent for 
size 150 for early fruit; and a minimum total 
solids-to-acid ratio ranging from 6-to-1 to 7-to-1, 
depending on the total solids content of the fruit. 


Table 2-29 


FLORIDA AUCTION SALES RETURNS ON INDIAN 
RIVER AND INTERIOR FRUIT; SELECTED 
CROP YEARS, 1953-54, 1957-58, 

AND 1961-62° 
(In Dollars Per Box) 


Class of Citrus Indian River Interior 
and Crop Years District Districts 
Oranges: 
1953-54 $4.69 $4.16 
1957-58 6.26 5.05 
1961-62 5.26 4.91 
Grapefruit: 
1953-54 4.40 3.13 
1957-58 5.25 3.87 
1961-62 4.57 4.06 
Mandarins: 
1953-54 2.65 2.87 
1957-58 4.38 4.03 
1961-62 3.72 3.69 


° Estimated for boxes of one and three-fifths bushels. 
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The Florida Citrus Commission, a state 
os ees financed by legislated fees on the volume 
of citrus handled, promotes and advertises both 
Florida fresh citrus and citrus juices. The pro- 
motion is supplemented by brand advertising of 
cooperatives and large corporate processors. 


Texas 


The citrus industry of Texas (fig. 2-13) orig- 
inated when sizeable plantings of satsumas were 
made in 1890. These were almost totally destroyed 
by the freeze of 1899. A limited industry again 
developed around Houston and Beaumont, but 
was plagued by a succession of disastrous freezes. 
After the cold winters of 1916-18, the industry 
expanded farther south to the lower Rio Grande 
Valley, where it now is situated. 

Texas is known for heavy yields of fine 
quality oe tals the state’s largest citrus crop. 
An outstanding feature of the Texas industry has 
been its rapid development. From 1919 to 1923, 
average annual production was only 21,000 boxes 
of grapefruit and 4,000 boxes of oranges. By 
1945-46, production had jumped to 24 million 
boxes of grapefruit and 4,800,000 boxes of oranges 
(table 2-14, p. 66). 
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However, devastating freezes in 1951 and 
1962 have resulted in a decline in citrus produc- 
tion from the peak of the 1945-46 season. In 
1961-62, grapefruit yields were 2,700,000 boxes 
and orange yields 2,300,000 boxes. 

Texas citrus plantings in 1961-62 consisted 
of 35,000 acres of oranges and 40,000 acres of 
grapefruit, representing an increase of about 
5,000 acres in oranges since 1945-46 and a de- 
crease of almost half in grapefruit acreage. 

Distribution and Climatic Conditions.— 
Citrus plantings in Texas extend from the Gulf 
of Mexico about seventy-five miles westward 
along the Rio Grande River and northward 
slightly above Raymondville (fig. 2-13). This is 
a strip of rather level valley land with an eleva- 
tion ranging from 20 to 140 feet above sea level. 
Soils range from sandy loams to heavy clays and 
are fairly fertile. 

Texas has a hot, humid climate that results 
in a long growing period and an early season for 
citrus. Citrus usually blooms in late February 
and March when temperatures of 85° F are not 
unusual. Grapefruit is harvested from Septem- 
ber to May and Valencia oranges from January 
to May. 


Raymondville 


: 


Rio Grande 





Fig. 2-13. Citrus areas of Texas. 
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Average annual temperatures in the Rio 
Grande Valley are about 75° F. Absolute maxi- 
mums range from 104° F to 110° F and absolute 
minimums from 12° F to 18° F. Humidity is 
usually high, averaging about 74 per cent at 
Brownsville, near the coast. 

Rainfall is heaviest from May to Septem- 
ber, averaging from 20 to 30 inches a year. Tropi- 
cal storms and the rising of the Rio Grande River 
occasionally cause floods. There is an over-all 
water shortage in the Rio Grande and rainfall is 
not dependable. However, storage water from 
Falcon Dam has largely sufficed in the past dur- 
ing extended droughts. 

The Texas citrus industry is subject to 
harsh climatic hazards. Severe hurricanes occa- 
sionally visit this section of the Gulf Coast and 
were responsible for heavy citrus damage in 
1933. Throughout its history, the citrus industry 
of Texas has had to contend with destructive 
freezes. Weather bureau records indicate sixteen 
fruit-damaging cold periods from 1880 to 1962. 
From 1917 through 1919 there were four freezes 
with temperatures of 20° F to 24° F. The period 
from 1920 to 1948 was relatively frost free, but 
devastating freezes occurred in 1951 and 1962. 

Varieties and Cultural Practices.— Varieties 
and cultural practices have changed as each 
freeze-destroyed industry has been replanted. 
The first industry, which lasted until 1899, con- 
sisted almost entirely of satsumas. 

In recent years, extending until the freeze 
of 1951, the Texas industry consisted of Marsh 
Seedless and Duncan grapefruit, planted about 
fifty trees to the acre, and Florida orange varie- 
ties. These citrus were grown on sour orange 
rootstock. Grapefruit yields of 500 to 700 boxes 
(80-Ib) per acre were not unusual. 

Plantings after the 1951 freeze consisted 
of about 70 per cent Redblush (Ruby) grapefruit; 
25 per cent oranges, mostly Florida varieties; and 
small plantings of white grapefruit. Redblush 
grapefruit has become a Texas specialty. Trees 
of this pigmented variety bear well, and the fine 
quality fruit has sold at a premium. The plantings 
since 1951 have been better grown trees on pre- 
dominantly sour orange and Cleopatra mandarin 
rootstock. The new plantings are on excellent 
citrus land and more densely planted than in the 
past, some as hedge rows with over 100 trees to 
the acre. 

The freeze of 1962 nearly destroyed the 
Texas citrus industry, and the rehabilitated indus- 
try consists of about two-thirds of red grapefruit 
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and about one-third of other varieties. Installation 
of wind machines and orchard heaters as pro- 
tection against frost may help stabilize Texas 
production, which has been erratic in se agi 

Texas is known for the rapid gro of 
citrus trees: a twenty-year-old Marsh Seedless is 
generally as large as a forty-year-old California 
tree. Orchards of 20 to 40 acres are common, 
but there are many large groves of 100 acres or 
more. Many citrus groves are absentee-owned. 

All citrus orchards are irrigated, mostly by 
flooding, although some growers employ sprin- 
klers. Salinity is frequently a problem and some 
soils require drainage. Deep cultivation with 
root-cutting, heavy equipment is a standard prac- 
tice. However, there are groves operated on a 
non-tillage, permanent sod culture and others 
using chemical weed control. In winter, young 
trees are banked with earth from one to four feet 
above the ground as frost protection. Despite 
frost hazards, few Texas groves were heated prior 
to 1963. 

Chemical fertilizers supplement cover 
crops. Applications of 2 to 3 pounds of nitrogen 
annually per full-bearing tree are considered 
necessary to achieve yields of 20 tons of fruit 
per acre. Texas citrus culture tends to be expan- 
sive rather than intensive, but this situation is 
changing. 

Pests and Diseases.—Major citrus pests in 
Texas include rust mite, Texas citrus mite, Cali- 
fornia red scale, brown soft scale, purple scale, 
Florida red scale, and cottony-cushion scale. 
Minor pests include the citrus whitefly, aphids, 
ants and termites, the flatid plant hopper, false 
spider mites, and mealybugs. 

Texas citrus diseases include Rio Grande 
gummosis, foot rot, melanose fungus, greasy spot, 
psorosis, and other virus diseases. 

Marketing.—Texas citrus fruit is packed 
and marketed by fresh-fruit buyers, corporations, 
and cooperatives. While some industry-wide pro- 
motion has been attempted, no integrated mar- 
keting organizations have developed, the periodic 
freezes disrupting the formation of such groups. 
Gift-pack shippers are a significant factor in 
Texas marketing. 

Approximately 70 per cent of orange pro- 
duction and 80 per cent of grapefruit production 
were sold as fresh fruit in 1961-62 (table 2-14, 
p. 66). As in Florida, early grapefruit and 
oranges have a somewhat green peel when ma- 
ture. Early grapefruit are gassed and early or- 
anges are colored for sale as fresh fruit. 
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Prior to 1950, the primary processed prod- 


uct was canned single-strength grapefruit and 2 ares ecee ee ael 
orange juice. Methods of utilizing Redblush ae SASSHERESH 
grapefruit were developed, and some pigmented > 
single-strength grapefruit juice was canned prior 
to the 1962 freeze, but not in sufficient quantities 4 
to indicate the market potential. 5 oe et ot 
Facilities have ben built for production is F ASVEBSSSSE 
of frozen orange juice concentrate. As yet this z = 
product has not reached a volume that would O 
make it possible to determine if the Texas fruit ; 
has processing qualities to compete with that of vs a ga 
Florida. Texas proses also ee canned 2 e 2 2 SAA = eee S S S 
and frozen grapefruit sections and chilled fresh = 6 pe, ry Or) eee 
juice for local use. es 
re 
MEDITERRANEAN AREA i 2 = 
a Sé |KESSSBASeRss 
Algeria Es Co |RAgSSaARSSERRRR 
eS) Fl Atiaiwwoor asses 
The Clementine, a seedless orange-man- aa 
darin hybrid of excellent flavor, originated in the A 
garden of an orphanage near Oran, and is one of 6, 5 
Algeria’s many interesting mandarin-type fruits. © Ow GVRSSVSe 
Prior to 1925, production of Clementines and ne — ss (AS Raa 
other mandarin varieties dominated the Algerian Fe : Z 0 
citrus industry. 9 OSa 
Severe cold weather in 1925, however, re- a 4 O = 2 
duced both orange and mandarin-type citrus 3 9g © : F RSSS Snag 2 S Ss S 
production by a million boxes and cut lemon pro- - 2 a = J 
duction by a third. By the 1940's, oranges had zas ig 
emerged as Algeria’s primary citrus crop (table oA 2 ¥ : 
2-30). S\Su8|eer2moonyroew 
Algerian citrus plantings increased rapidly : 2 & S08 S SS EEERETASE 
after World War II, reaching 61,000 acres in a a E= ae 
1948 and 84,000 acres in 1960. During the civil cm 5 
strife of the 1960's, few new plantings were made Z _ : 
and some groves were abandoned. Citrus plant- - aoe = ci ey ee et 
ings declined to about 40,000 acres in see > 5 E sa8 ESSE 
condition, and it is unlikely that any significant = me ee See eee 
increase in Algerian citrus production will take A 
place before 1970. Total citrus production in fe g 
1964-65 was estimated at about 11.5 million O £ aod Ween a tet 
boxes. = 2 ‘S258 
Distribution and Climatic Conditions.— 5 ee 
Citrus-growing areas of North Africa, including 
Algeria, are illustrated in figure 2-14. Producing 
areas of Algeria consist of three districts: Algiers, aes tt as 
which includes Orléansville and Tizi-Ouzou; S em ARTE cents. 
Oran, including Mostaganem and Tlemcen; and Gib, eS TAO 
Constantine, including Bone and Setif. 
Algerian citrus holdings tend to be large AAO ia SG 5 Re 
compared with those of Italy and Spain. While C8 | ood 9 mig cad So x o 3 
there are some large groves of over 300 acres, Ur |2EBEAAGSARHAD 


the average citrus orchard is less than 50 acres. 
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{ Estimated data. 


¢ Calendar year only. 


® Includes Clementines and other mandarins. 
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Fig. 2-14. Citrus areas of North Africa. 


A comparison of wpates by class of citrus for 
the three Algerian producing areas in 1948 and 
1960 is presented in table 2-31. 

gerian soils are mostly heavy loams— 
light to deep red in color with high percentages 
oF clay. A few citrus areas have brown loam soils, 
and a small coastal lemon area north of Algiers 
has light, sandy loam soils. Some areas near 
Blida ee a water table only five feet from the 
surface, and drainage tiles and ditches are exten- 
sively used. 

The coastal zones—Algiers, Oran, Phillipe- 
ville, and B6ne—are moderately humid and have 
an annual rainfall of 15 to 25 inches, falling 
mostly from September to May. Mean maximum 
temperatures at Algiers range from 76° F in 
January to 102° F in July. Mean minimum tem- 
peratures are 44° F in January and 66° F in July. 

The inland citrus areas such as Orléans- 
ville and Voltaire are more arid and have lower 
humidity. Rainfall occurs mostly between Octo- 
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ber and March. Average annual rainfall at Or- 
léansville is 14 inches. Mean maximum tempera- 
tures at Orléansville range from 72° F in January 
to 112° F in July. Mean minimum temperatures 
are 33° F in January and 63° F in July. 

Algerian climatic hazards include wind, 
flood, drought, and frost. Windbreaks are re- 
quired as protection against the late summer 
sirocco from the Sahara Desert. Coastal areas 
are subject to floods, and this hazard may increase 
as coastal mountains are denuded for firewood. 
Both wind and drought defoliated trees and 
destroyed crops in 1924. Frost virtually destroyed 
the Algerian lemon industry in 1925, and frost 
damage was observed in coastal valleys in Feb- 
ruary of 1949. 

Varieties.—In addition to the Clementine, 
the second largest citrus crop in Algeria, there 
are many other mandarin varieties grown. Most 
orange, lemon, and grapefruit varieties are intro- 
ductions. 
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Table 2-31 
ALGERIAN CITRUS ACREAGE FOR 1948 AND 1960 
(In Thousand Acres) 
Total All 
Algiers Oran Constantine Districts 
Class of Citrus 1948 1960 1948 1960 1948 1960 1948 1960 
Oranges 19 30 15 19 6 8 39 57 
Clementines 3 5 3 5 1 2 7 12 
Other Mandarins 8 7 1 2 3 2 12 ll 
Lemons 1 2 1 ] sate saan 2 3 
Grapefruit = = = ma = = = 2 
Total Acreage 31 45 20 27 10 12 61 84 
® Less than 500 acres 


Commercial early orange varieties grown 
include the Hamlin, Cadenera, Vicieda, and the 
Thomson and Washington navels. Midseason 
oranges include the Shamouti; Portuguese, an 
oval semi-blood; Maltese, an oval, non-blood; 
Doblefina; and the Washington Sanguine, an 
improved doublefine type that originated in Spain 
at the Burjasot Experiment Station near Valen- 
cia. Late orange varieties are the Valencia and 
the Spanish Berna (Verna). In addition, there are 
several local seedy non-blood and blood oranges 
grown for domestic consumption. 

Nearly all Algerian grapefruit is of the 
Marsh Seedless variety. There is minor produc- 
tion of the Duncan variety. 

The most important lemon variety is the 
Eureka; the Berna lemon from Spain is of second- 

importance. There are small plantings of the 
Lisbon, the Italian Lunario, and Meyer lemons. 

Sour orange is the predominant rootstock, 
although some Clementine plantings are on tri- 
foliate orange root. Because of the heavy soils 
and high water table, foot rot is present in most 
Algerian groves. Trees are therefore budded high, 
about two feet above ground level. The combina- 
tion of serious foot rot problems and heavy soils 
would make any rootstock change difficult. 

Cultural Practices.—The older, hand-culti- 
vated groves of Algeria were closely planted with 
about 200 trees to the acre. Since 1950 citrus has 
been planted for mechanical tillage with about 
160 tangerines, 70 to 80 orange trees, and 50 to 
70 lemon trees to the acre. 

Groves with heavy clay soils are often 
deeply cultivated with subsoilers between each 
tree row and between the grove and windbreaks. 
The deep cultivation results in root cutting. Win- 
ter cover crops are used, supplemented by min- 


eral fertilizers. 
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In most Algerian citrus areas, gravity 
water is available for irrigation. Pumped water 
is used in some coastal areas and in most of the 
interior districts. 

Algerian citrus blooms from about April 15 
to May 15. Clementines are si gle from No- 
vember to February, oranges and grapefruit from 
November to June, and lemons throughout the 
year with the heaviest exports from November 
to June. 

Important Algerian citrus pests include the 
Mediterranean fruit fly, purple scale, California 
red scale, dictyospermum scale, Florida red 
scale, chaff scale, black parlatoria, Glover scale, 
black scale, soft scale, Green’s mealybug, cottony- 
cushion scale, aphids, and mites. 

In addition to foot rot, diseases include 
Anthracnose rot, Armillaria root rot, and psorosis. 
Infections of mal secco, the tree-killing fungus, 
have been reported. The tristeza virus, if present, 
is in a dormant state. Plant material imported into 
Algeria from other areas could be a future source 
of disease problems. 

Algerian Marketing.—Citrus is marketed 
by established cooperatives and by large growers 
who own and operate farm packing plants. Fruit 
is well sorted, and packed under export grades. 
Most Algerian table oranges are of fine export 
quality. 

Approximately 75 per cent of Algerian 
citrus production is exported fresh, mostly to 
France. Algerian exports in 1960-61 consisted 
of about 7 million boxes of citrus (table 2-30, 
p. 90). Domestic consumption in 1960 was 
estimated at 15 to 20 pounds of citrus per capita. 

Algeria has a small processing industry, 
which in 1960 probably produced about 500,000 
U.S. gallons of all types of citrus juice. Nearly all 
exported juice is sold to France. 
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In 1960, citrus juice exports consisted of 
about 600 metric tons of orange juice in large 
containers; about 700 metric tons of orange juice 
in small containers (less than 1 liter); 37 tons 
of concentrated lemon juice; and 300 metric tons 
of grapefruit juice in small containers. Most 
orange juice was sweetened. 

About half of juice exports are canned 
single-strength. Because of the fine quality of 
Algerian fresh citrus and the types of varieties 
ie ie processing will probably continue to 

of minor significance. 


Cyprus 


The island of Cyprus, 140 miles long and 
40 miles wide, had about 15,000 acres of citrus in 
1960 and a potential planting of 9,000 additional 
acres. A small citrus exporter, Cyprus has grown 
some citrus fruit since the mid-fifteenth century. 

From 1940 to 1965, citrus production in- 
creased from about 0.5 million boxes to almost 
2 million boxes (table 2-32). In the same period, 
citrus exports rose from 56,000 boxes to 1.5 mil- 
lion boxes. By 1970, Cyprus citrus production 
may reach 3 million boxes and exports 2 million 
boxes. 

Cyprus has no citrus marketing board, 
and exporters buy fruit on the trees directly from 
growers or by the “thousand.” About 80 per cent 
of the citrus crop is exported fresh, 10 per cent 
is processed, and 10 per cent is consumed domes- 
tically. 

Approximately 70 per cent of fresh fruit ex- 
ports are sold to the United Kingdom. Germany, 
Scandinavia, eastern Europe, and the Middle 
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East comprise the rest of the export market. 
Twenty packinghouses, half of them mechanized, 
pack the export fruit. 

Fresh fruit and juice exports are subject 
to government regulation. Fresh fruit regulations 
cover handling, grade packing, decay, and inspec- 
tion of shipments for export. Juice regulations re- 
quire a declaration of the type of juice, sugar 
content, and the degree of juice concentration. 

Until 1950, processing was confined to es- 
sential oil of orange and lemon and preserved 
eke = the local soft-drink industry. In 1955, 

rted over 100,000 gallons of orange 

pace it juice and 38,000 cases of grape- 

fruit segments (table 2-33). Of the seat 

processing plants in operation in 1958, only four 

were modernized. Citrus processing can be ex- 

pected to increase in Cyprus, but it will always 
be of limited volume. 

The major citrus areas of Cyprus are at 
Famagusta, Morphou, Lefka, and rime (Bs 
2-15). The climate of the island is mild and m 
erately humid. Average annual rainfall ranges 
from 11.8 inches at Morphou in the north to 17 
inches at Limassol in the south, nearly all of it 
occurring between October and May. Mean maxi- 
mum temperatures at Morphou are 61° F in 
January and 91° F in July, and mean minimum 
temperatures are 43° F in January and 65° F 
in July. 

Despite low summer rainfall, humidity is 
high enough for warm nights, resulting in Sha- 
mouti oranges that are still green or only break- 
ing in color when the fruit is ready for harvest 
in November. 


Table 2-32 


CYPRUS CITRUS PRODUCTION AND EXPORTS FOR SELECTED CROP YEARS, 
1940-41 TO 1964-65° 
(In Thousand Boxes) 


Citrus Production Citrus Exports 
Crop Year Oranges Lemons Grapefruit Oranges Lemons Grapefruit 
1940-41 400 64 ne 43 7 6 
1945-46 317 125 60 112 18 44 
1950-51 621 144 142 421 66 112 
1955-56 844 173 252 728 154 170 
1960-61 1,177 211 260 909 105 183 
1961-62 1,237 250 290 1,168 200 246 
1962-63 1,300 200 350 700 140 220 
1963-64 1,900 200 370 1,200 190 310 
1964-65} 1,400 200 350 1,100 160 — 300 


* Estimates based on boxes containing 200 oranges, 150 lemons, and 125 grapefruit. 


+ Data not available. 
t Data estimated. 
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Fig. 2-15. Citrus areas of Cyprus. 


Climatic hazards include hot summer and 
fall winds from Africa, periods of drought, and 
occasional light frost. Frost defoliated some trees 
and froze some fruit in January of 1949 and 1950. 

The major commercial varieties of citrus 
grown are the Shamouti and Valencia oranges, 
Marsh Seedless grapefruit, and a local sour 
lemon called Lapithos (a seedless fruit resem- 
bling the Lisbon). The Shamouti orange, intro- 


Table 2-33 


EXPORTS OF CYPRUS CITRUS BYPRODUCTS 
FOR SELECTED YEARS, 1953 TO 1961 


Grapefruit 
Orange andOther Lemon _— Grapefruit 
Juice Juices Juice Segments 
(In (In (In (In 


Thousand Thousand Thousand Thousand 


Year U.S.Gal.) U.S. Gal.) 24/2 Cases) 24/2 Cases) 
1953 8 6 case ae: 
1955 86 32 1 38 
1957 11 — 26 ithe 83 
1959 47 19 1 61 
1961 34 5 eae 41 

* Less than 500 cases. 


+ Not shown separately from canned juice. 
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duced from Palestine in 1864, is exported as the 
“Cyprus Oval.” There is also some production for 
domestic consumption of the seedy Beladi, an 
acidless orange, and such mandarins as the Clem- 
entine, Temple, and varieties of the satsuma 
group. 

Citrus blooms in March and April. Grape- 
fruit and Shamouti oranges are exported from 
November to March, Valencia oranges from Feb- 
ruary to May, and lemons from October to April. 

All citrus is irrigated by basins or sprin- 
klers; nearly all water is pumped. Cypress wind- 
breaks are used in some areas. Cultivation ranges 
from the use of hand tools and animal-drawn 
implements in small groves to mechanical tillage 
in large groves. 

Soils are generally light, and both manure 
and nitrates are used as fertilizers. Groves are 
closely planted, some containing more than 150 
trees to the acre. The major rootstocks are the 
sour orange and sweet lime. 

Serious pests in Cyprus citrus groves are 
the Mediterranean fruit fly, Florida red scale, rust 
mite, citrus bud mite, and the carob moth, which 


attacks grapefruit. 
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Egypt (United Arab Republic) 


Although some types of citrus were grown 
in Egypt about the time of Alexander the Great's 
conquest (332 B.c.), it wasn't until almost forty 
years ago that citrus began to develop as a com- 
mercial industry in Egypt. 

Total citrus plantings of Egypt in 1960 
consisted of about 70,000 acres, and total citrus 
production was estimated at 9.7 million boxes 
(table 2-34), 

Official Egyptian statistics indicate little 
change in orange, lemon, and lime production in 
the decade from 1951-52 to 1961-62. Orange pro- 
duction was reported as 8.8 million boxes in 
1951-52 and 9.5 million boxes in 1961-62. Lime 
aay aaa during the same period increased 

om 1 million to 1.3 million boxes. Lemon pro- 
duction declined from 87,000 boxes in 1951-52 
to 50,000 boxes in 1961-62. 

Distribution and Climatic Conditions.— 
The geographical center of Egypt’s citrus indus- 
try is Cairo. Most commercial production is in 
the Nile River delta provinces of Kalioubiya, 
Charkieh, Menoufieh, Gharbieh, and Behera. 
There are some plantings in every province of 
the Nile Valley, including Faiyim, Minya, Giza, 
and Asyiit. 

; i Egypt, which includes the citrus 
region of Asyiit, has a desert climate with in- 
tense, arid heat that contributes to a long growing 
season. Winters are short and mild, and i 
annual rainfall is less than an inch, falling mostly 
from November to February. Mean maximum 
temperatures in Asyit Province range from 68° F 
in January to 99° F in July, and mean minimum 
temperatures range from 43° F in January to 
72° F in Juy. 

Middle Egypt, which extends from Cairo 
several hundred miles south, is slightly cooler 
and has somewhat higher humidity. ee an- 
nual rainfall in Giza Province is 1 inch, falling 
mostly between December and March. Mean 
maximum temperatures for Giza range from 
68° F in January to 96° F in July, and mean 
minimums are 41° F in January and 67° F in 


uly. 
| uy Lower Egypt, where the bulk of citrus 
plantings are concentrated, possesses a climate 
similar to that of the Rio Grande Valley in Texas. 
Humidity is relatively high in late summer and 
fall. Even here rainfall is relatively scant, rang- 
ing annually from 1 inch in Kalioubiya Province 
to 7 inches in the Alexandria Governate. Mean 
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maximum temperatures in Kalioubiya Province 
range from 66° F in January to 95° F in July, 
and mean minimums range from 43° F to 68° F, 
respectively. These mean temperatures may be 
considered generally typical for Lower Egypt 
as a whole. 

Climatic hazards of Egypt include strong 
winds, which decrease yields and scorch and scar 
fruit, and occasional frosts, such as occurred in 
1936-37, 1949-50, and 1954. Frosts are rarely 
sufficiently severe to injure citrus. 

Because of its climate, Egypt produces 
thin-skinned, juicy oranges of moderate acidity 
and fine quality grapefruit. Citrus matures early 
and is usually of large size. In the more humid 
districts, citrus is often poorly colored during the 
early part of the season. 

Varieties and Cultural Practices.—The 
principal sweet orange variety grown in Egypt 
is the seedy Beladi. There is some production of 
Shamouti, blood oranges called Bortugan Ahmer 
and Khalili, and an acidless orange called Bortu- 
gan Succari. A mandarin called Beladi is of 
commercial importance. The most important lime 
is Limdn Beladi, similar or identical to the Mexi- 
can or West Indian lime. A sweet lime called 
Limin Helou Beladi is used as a fruit and is 
similar or identical to the sweet lime rootstock 
of Israel. There is a small production of an acid 
lemon called Limin Adalia, similar to the Femi- 
nello of Italy. Some Marsh Seedless grapefruit 
are also grown. 

Egyptian soils are fertile and consist of 
deep alluvial silt and clay loams. All groves are 
irrigated by sprinklers or permanent basins. The 
Nile River canal system furnishes water with up 
to 350 ppm of soluble minerals in June and July. 


Table 2-34 


UNITED ARAB REPUBLIC CITRUS PLANTINGS 
AND PRODUCTION IN 1960 


Planted Area Citrus Production® 
Class of (In Thousand) (In Thousand 
Citrus Acres) Boxes) 
Oranges 48 6,625 
Mandarins 10 1,749 
Limes 10 1,250 
Sweet Lemons 1 50 
Other Citrus 1 63 
Total, All Citrus 70 9,737t 


° Converted to boxes of the following weights: oranges 
and mandarins, 70-lb; limes, 80-lb; and lemons, 76-]b. 

t These quantities do not check exactly with revised 
production data. 
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Windbreaks and drainage ditches surround 
most groves. Trees are often planted with spacing 
distances of 12 by 18 feet, and most groves are 
hand cultivated. The major Egyptian rootstock 
is sour orange, although sweet lime is used in 
light soils. Both manure and chemical fertilizers 
are applied. 

Pests include the Mediterranean fruit fly 
and Florida red scale. Diseases include mal di 
gomma or foot rot and psorosis on navel orange 
trees. 

Egyptian Marketing.—Nearly all of Egypt’s 
citrus is consumed in the domestic market, and 
only small quantities of citrus have been of ex- 
port quality in the past. However, Egyptian 
efforts to make citrus a foreign exchange earner 
may result in increased quantity and improved 
quality. 

Of a total citrus production of about 315,- 
300 tons in 1960-61, approximately 23,000 tons 
were exported. There were no imports, and con- 
sumption can therefore be estimated at about 
292,300 tons—about 14 pounds per capita. 

Export trade has increased from an in- 
significant amount in 1951-52 to over 600,000 
boxes of oranges and mandarins and about 50,000 
boxes of limes and sweet lemons in 1961-62. 
Some years as many as 10,000 boxes of grapefruit 
have also been exported. The upward trend in 
Egyptian exports may be expected to continue. 

The Egyptian increase in citrus exports 
has also been marked by a change in markets. 
Nearly all citrus was exported to Eastern or Mid- 
dle Eastern markets in 1956. In 1960, nearly a 
quarter of all exports went to western and east- 
ern Europe. While exports to Arab countries are 
expected to increase, greater exports to Com- 
munist areas are not anticipated. 

Egypt has an early grapefruit season with 
exports beginning in October and reaching the 
highest volume of trade in November and De- 
cember. Small quantities of grapefruit are ex- 
ported throughout the year. Orange exports are 
greatest from November through May, and man- 
darins are exported in the highest volume from 
November through March. 

Citrus fruit prices are controlled by the 
Egyptian government. Five citrus-packing sta- 
tions have been established in the main produc- 
tion areas of Giza, Benha, Belbeis, Faiyim, and 
Asytit, and all were operating in the 1960-61 
season. Because of the anticipated increase in 
citrus available for export in the next few years, 
additional packing stations were scheduled for 
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construction. These new packing stations should 
make it possible for Egypt to export 50,000 tons 
of citrus fruit annually. 

Egypt's five-year program that began in 
July, 1960, called for a unit to manufacture orange 
juices and concentrates. The establishment of a 
plant capable of producing 50 tons of frozen 
concentrated lime juice and 70 tons of orange 
juice annually was also planned. These two 
projects were scheduled to meet the needs of 
domestic and foreign markets and the Egyptian 
carbonated beverage industry. 


Greece 


Citrus fruits are grown at low altitudes 
over a considerable portion of continental Greece 
and on many of her islands. In 1963, total citrus 
plantings were estimated at 85,000 acres, includ- 
ing 48,000 acres of oranges, 19,000 acres of lem- 
ons, and 18,000 acres of tangerines. At least 
10,000 acres were as yet ee 

Between 1959 and 1962, Greek citrus grow- 
ers reportedly planted 1.3 million sweet orange 
trees, over 300,000 sour orange trees, and nearly 
900,000 lemon trees. 

While the new plantings will greatly in- 
crease Greek production of navel oranges and 
lemons, little citrus is likely to be sold in the 
competitive western European markets. In the 
case of oranges, this is because of the large size 
navels produced, a lack of seasonal advantage 
over Mediterranean competitors, and lower skills 
in growing and packing fruit. The Greek lemon 
crop faces direct competition with the Italian 
winter lemon harvest. Consequently, Greece will 
probably continue to oo most citrus to east- 
ern Europe, and Greek association with the 
European Economic Community is not likely 
soon to result in a major diversion of trade to 
EEC markets. 

In 1964, Greek orange and mandarin pro- 
duction was estimated at 10.2 million boxes com- 
pared with 6.8 million boxes in 1958. Lemon 
production sharply increased from 1.7 million 
boxes in 1958 to 2.4 million boxes in 1964. Greek 
citrus production and export data from 1948-49 
to 1964-65 are shown in table 2-35. Major orange 
and lemon growing districts in terms of produc- 
tion in 1960 are shown in table 2-36. 

Distribution and Climatic Conditions.— 
Although citrus plantings are scattered through- 
out Greece, the principal growing areas are: the 
Arta-Préveza district of Ipiros; the Volos district 
of Thessalia; the Mesolongion district of Central 
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Table 2-35 


GREEK CITRUS PRODUCTION AND EXPORTS FOR 1948-49 TO 1964-65 CROP YEARS 
(In Thousand Boxes) 


Production Exports 

Crop Year Oranges® Tangerines Totalf Lemons Oranges® Tangerines Total f Lemons 
1948-49 1,710 513 2,223 815 96 ae me | 
1949-50 2,102 615 2,717 911 94 ee oe | 
1950-51 2,180 636 2,816 864 370 uk rae | 
1951-52 2,708 630 3,338 899 264 ee | me | 
1952-53 3,096 693 3,789 1,085 238 re | re | 
1953-54 3,433 822 4,255 1,209 367 ee ee | 
1954-55 3,924 857 4,781 1,207 301 ee | 108 
1955-56 3,959 727 4,686 1,283 150 81 231 424 
1956-57 4,106 925 5,031 1,366 612 159 771 369 
1957-58 4,926 760 5,686 1,647 518 160 678 456 
1958-59 5,855 898 6,753 1,707 599 192 791 517 
1959-60 5,379 693 6,072 1,812 775 150 925 948 
1960-61 5,962 742 6,704 2,308 657 153 810 787 
1961-62 6,519 646 7,165 2,524 1,294 129 1,423 973 
1962-63 6,710 520 7,230 2,635 1,741 96 1,837 1,111 
1963-64 6,414 610 7,024 2,426 827 132 959 841 
1964-65§ 9,531 750 10,281 2,459 


* Excluding bitter oranges. 


¢ Greek production and export estimates usually combine oranges and tangerines. 


} Included in “Oranges.” 
§ Estimated data. 


Greece; the Corinth, Amalias, Pirgos, Patrai, Nav- 
plion, Sparta, and Kalamai districts of the Pelo- 
ponnesus; and the Khania district of Crete (fig. 
2-16). 

There are widespread variations in rain- 
fall among citrus-growing areas, and the rainy 
season in most areas occurs between October and 
May. Average annual rainfall ranges from 22 
inches in Crete to 43 inches in the Arta district 
of Ipiros. 

Grecian summers are generally hot and 

. Mean maximum temperatures in the Khania 
district of Crete range from 60° F in January to 
86° F in July, and mean minimums range from 
46° F to 67° F, respectively. Mean maximums 
at Arta range from 55° F in January to 92° F in 
July, and mean minimums from 39° F to 66° F. 

Frost and wind damage are frequently ex- 
perienced in some Greek citrus areas. A severe 
frost hazard exists at Arta, where fruit was lost 
and some trees were damaged in 1962-63 and 
1963-64. The Corinth coast, where most lemons 
are grown, sometimes suffers frost damage. A 
moderate frost hazard exists in the Pinids valley 
south of Patrai. Crete and Navplion have only a 
slight frost hazard. Exposed groves on Crete, 
along the Corinth coast, and at Arta are subject 
to wind damage and windbreaks are used for 
protection. 
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Varieties.—The major orange variety 
planted in Greece since 1955 has been the Wash- 
ington navel. In recent years, many of the older 
common orange plantings have been top-worked 
to the navel variety. It is estimated that by 1970 
at least half of Greek orange production will be 
in navels for harvest from December to March. 
Most of the older orchards of Greece are in the 
so-called “common” varieties, which are local 
selections made from among seedling trees grow- 
ing in the area. Most of these are of the mid- 


Table 2-36 


MAJOR ORANGE AND LEMON PRODUCING 
DISTRICTS OF GREECE IN 1960 
(In Thousand Metric Tons) 


Production 
District Oranges Lemons 
Peloponnesus (Corinth-Sparta) 63 43 
Central Greece (Mesoléngion) 6 11 
Thessalia (Vélos) 1 cae 
Ipiros (Arta-Préveza) 70 1 
Aegean Islands 8 1 
Cyclades Islands 1 3 
Crete 33 3 
Ionian Islands (Corea) 5 2 
Dodecanese Islands (Rhodes) 1 ae 


Source: Trade with Greece. Athens Chamber of Com- 
merce and Industry. December, 1960. 
* Less than 500 metric tons. 
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Fig. 2-16. Citrus areas of Greece. 


season seedy type, resembling the Pineapple 
orange variety of Florida. A less important group 
is called “Oval” and resembles the Jaffa variety. 

The most important lemon variety is the 
Maglene, which blooms in April and May, pro- 
ducing fruit for a September to mid-January 
harvest. Second in importance is the Karystini, 
which produces about 25 per cent of the crop 
for harvest from January to April. A group of 
lemon varieties called Polyphoros comprise 7 per 
cent of lemon production. These lemons have 
many blooms and produce fruit for harvest from 
July to September. The Eureka lemon is con- 


sidered to be of the Polyphoros type. Citrons 
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produced in Crete are both local and Italian 
varieties. 

The predominant Greek rootstock for all 
citrus is sour orange. Some lemons are grown 
with a “sandwich” of sweet orange in an attempt 
to obtain resistance to mal secco. 

Cultural Practices.—Greek citrus groves 
are usually small, rarely over four acres. Trees 
are closely planted with about 150 to 200 per 
acre. Nursery trees are budded about three feet 
from the ground, and few of those observed by 
the author were well grown. 

Cultural care varies greatly in Greece, but 
is generally beneath the standards of competing 
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areas that supply citrus to western Europe. The 
sandy loam soils are cultivated by hand, by oxen 
and horses, and by small garden tractors. Some 
growers plow from tree trunk to tree trunk, which 
cuts the feeder roots. ? 

Most Greek citrus areas are irrigated. 
Where gravity water is available, such as at 
Arta, several tree rows may be flooded at a time. 

Major pests in most areas are the Medi- 
terranean fruit fly, Mediterranean red scale, red 
spider, mealybug, and bud mite. Major diseases 
are foot rot, which affects all areas to some ex- 
tent, and mal secco, a serious problem in lemon 
and citron production. 

Greek Marketing.—While the bulk of 
Greek citrus production is consumed domesti- 
cally, the export of citrus and citrus byproducts 
has become increasingly important in recent 
years. Some fruit is field packed (fig. 2-17), but 
the bulk of it is now graded and packed by 
machinery. 

In 1962, orange exports totalled 1.7 mil- 
lion boxes compared to 150,000 boxes in 1955 
(table 2-35, p. 97). During the same period, 
lemon exports rose from 424,000 boxes to 1.1 
million boxes. The estimated utilization of 1962- 
63 citrus production was as follows: 


Utilization (In Thousand Metric Tons) 


Class of Total Used Fresh 

Citrus Production Domestic Export Processed 
Oranges 213 113 55 45 
Lemons 86 41 40 5 
Mandarins 20 14 5 


Fresh domestic use included waste, which may 
represent from 10 to 15 per cent of the citrus 
crop. The indicated domestic consumption of 
fresh citrus was about 35 pounds per capita 
in 1963. 

Oranges are exported from November 
through March. Most lemons are exported from 
October through April. In the 1961-62 season, 
orange exports were 6 per cent to European Eco- 
nomic Community countries and 61 per cent to 
the Soviet bloc; lemon exports were 2 per cent 
to European Economic Community countries and 
83 per cent to the Soviet bloc. 

In 1963, there were at least ten citrus 
processing plants in Greece, and processing 
facilities were continuing to expand despite a 
Seaeaning Supp. Y of processing quality oranges 
brought about by the increased planting of navel 
oranges. 

The Greek processing season is short. 


» Google 


THE CITRUS INDUSTRY 





Fig. 2-17. Greek girls packing and loading mandarins 
near Palaia Epidavros. 


Processors primarily use dropped fruit. The juice 
of the common orange is well colored and high 
in acidity and solids, but low juice yields and a 
short season are limiting factors (table 2-37). 
Small quantities of lemon and tangerine juice are 
also produced. 

Greek citrus byproduct exports for 1961, 
1962, and 1963 were reported as follows: 


Exports (Metric Tons) 
Item 1961 1962 1963 
Unsweetened juice® 603 280 14 
Sweetened juice® 278 772 2,140 
Concentrated juice® 1,327 1,344 1,060 
Essential citrus oil 10 10 16 


* Includes all single-strength juices, citrus and 
non-citrus, but mostly orange juice. 


The large increase in sweetened juice exports 
reflects the sale of orange juice to West Germany. 

Greece is also a major producer of citron 
peel. In 1961, about 1,000 metric tons of dried 
and brined citron peel were exported. About 850 
tons were sold to East Germany, and most of the 
balance went to West Germany. In 1964, some 
citron peel was being candied in Crete. 


Israel 


Israel is the major citrus exporter in the 
Middle East and second only to Spain as a sup- 
plier of Europe’s winter oranges. Israel's modern, 
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irrigated, mechanically-tilled groves produce fine 
quality fruit, and the country’s citrus industry 
receives the advantages of vigorous scientific 
experimentation. 

Citrus plantings increased from 7,000 acres 
in 1922 to 74,000 acres in 1939. During World 
War II and the Israeli-Arab war, many groves 
were abandoned and by 1950 the planted area 
had declined to about 31,000 acres. Citrus plant- 
ings have since expanded rapidly and were esti- 
mated at 95,000 acres in 1963. Current planting 
plans envision about 100,000 acres of citrus before 
1970. 

Israel orange production, which rose from 
5 million boxes in 1935 to 13 million boxes in 
1938, suffered significant declines during World 
War II and the Israeli-Arab war, but by 1965 
had reached 19 million boxes. If expansion plans 
are realized, orange production may reach 30 mil- 
lion boxes by 1975. 

In 1963, Israel was experimenting with the 
tree storage of Valencia oranges to extend the 
export season. A restriction had been placed on 
further grapefruit planting, indicating that at- 
tempts may be made to adjust supplies to the 
export market. 

Distribution and Climatic Conditions.— 
Israel plantings (fig. 2-18) are primarily concen- 
trated along the Mediterranean coastal plain, 
which contained 78,000 acres of citrus in 1963. 
Other citrus-growing areas and their 1963 acre- 
age were: Yesreel, Biesan, and the Jordan Val- 
ley, 6,800 acres; the northwestern Negev, 4,000 
acres; and the north central Negev, 750 acres. 

In the coastal areas, humidity is relatively 
high throughout the year. Eighty per cent of the 
rainfall occurs from November through February. 
Average annual rainfall at Rehovot is 22 inches. 
Mean maximum temperatures at Rehovot range 
from 64° F in January to 89° F in July, and mean 
minimum temperatures range from 46° F to 
67° F, respectively. 

The interior and desert areas have less 
rain and are warmer than the coastal zone. Aver- 
age annual rainfall at selected points of the 
interior is as follows: Kinnereth, 15.7 inches; Nir 
Yitshaq, 7.22 inches; and Gilat, 9.30 inches. Most 
rainfall in the desert areas occurs between No- 
vember and March. Mean maximum tempera- 
tures in the citrus regions of the north central 
Negev range from 64° F in January to 91° F 
in July, and mean minimums are 45° F and 
66° F, respectively. 

The frost hazard in Israel is extremely low. 
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When frost has occurred, damage to fruit or trees 
has been minor. Climatic factors are such that 
when the first Shamouti oranges are mature 
enough for se a in November, the peel is still 
green or only breaking in color. 

Varieties and Cultural Practices.—Orange 
varieties of Israel in order of importance are the 
Shamouti, Valencia, and Washington navel. Sig- 
nificant production also exists of Marsh Seedless 
grapefruit and Eureka lemons. Citrus plantings 
in Israel by class or variety as of April, 1961 are 
presented in table 2-38. Orchards established in 
recent years commonly are planted with about 
200 trees to the acre (fig. 2-19). Some older 
orchards have about 400 trees per acre. In gen- 
eral, cultural and harvesting practices are quite 
advanced (fig. 2-20). 

Soils are extremely variable in the coastal 
citrus zones. Although most coastal soils are 
sandy loams, some overlie considerably heavier 
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Fig. 2-18. Citrus areas of Israel. 
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Fig. 2-19. Typical young Shamouti orange orchard in Israel. Note close planting distances and cedar windbreaks. 


soils. Heavy clay-loam soils are found in the 
Jordan valley near Lake Tiberias. 

All citrus groves are irrigated and citrus 
development is dependent on water resources. 
Gravity water in the coastal plain is limited, and 
in 1950 was supplemented by pumped water. 
The limitation of water resources has been indi- 








Table 2-38 
ISRAEL CITRUS ACREAGE BY VARIETY OR 
CLASS IN 1961 
New 

Variety or Plantings Plantings 
Class of Citrus Old Groves Since 1950 Total 
Shamouti 20,654 25,743 46,397 
Valencia 3,767 9,549 13,316 
Grapefruit 2,678 9,190 11,869 
Washington Navel 83 1,910 1,993 
Lemons 659 3,113 3,772 
Clementines 643 1,271 1,914 
Mandarins 106 76 182 
Miscellaneous 229 244 473 
Seedling Stock *, 3,976 3,976 

Total, All Citrus 28,819 55,072 83,892 
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cated by dropping water level in wells and in- 
creasing mineral content of the water. 

In 1963, Israel completed a project for 
pumping water from Lake Tiberias, 700 feet 
below sea level, to the coastal areas. This project 
will result in higher quality water and make 
expanded citrus plantings possible. 

Sweet lime and sour orange have been the 
traditional rootstocks in Israel, but are being sup- 
plemented in new plantings by sweet orange and 
other rootstocks. 


Table 2-39 


UTILIZATION OF CITRUS IN ISRAEL BY VARIETY 
OR CLASS FOR THE 1961-62 CROP YEAR 
(In Thousand Metric Tons) 


Variety or Produc- Domestic — Export Proc- 
Class of Citrus tion Use Fresh essed 
Shamouti Oranges 322 29 230 63 
Valencia Oranges 63 9 53 1 
Grapefruit 69 a 49 13 
Lemons 18 3 9 6 
Other Citrus 21 18 2 ak 

Total Utilization 493 66 343 84 
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Fig. 2-20. Harvest scene in Shamouti orange orchard near Tel Aviv showing modern bulk-handling equipment. 


Foot rot is a problem in heavy Israeli soils. The Mediterranean fruit fly—Israel’s most 
Mal secco is also present and may become a_ important pest—is active in October and Novem- 
problem if lemon plantings increase. Virus dis- ber before the first rains and again in the spring. 
eases such as psorosis, exocortis, and xyloporosis Israel is the only Mediterranean country where 
are being controlled site the selection of the entire citrus area has been treated success- 
virus-free scion and rootstock materials. fully to control this pest. Florida red scale is the 


Table 2-40 
COMPOSITION OF ISRAELI ORANGES 


Juice Characteristics 


Ascorbic 
Mean Weight Juice Citric Acid 

per Fruit Content Brix Acid Solids-Acid § (mgm per 

Variety Month (Grams) (Per Cent) (Degrees) (Per Cent) Ratio 100 ml) 

Shamouti® December 214 42.5 10.5 1.35 7.8 48 
January 233 43,2 10.7 1.07 10.0 47 
February 228 44.7 11.7 0.97 12.1 50 
Valenciat February 173 52.2 11.4 1.59 7.2 61 
March 188 52.0 11.8 1.29 9.1 59 
April 194 51.0 LES 1.16 9.9 54 


Source: Samish, Z., and A. Cohen. 1949. Composition of oranges in Israel. Agricultural Research Station Rehovot Bul. 
51:70 pp. (Adapted from data in appendix tables.) 
® Each value is the mean of 18 or more samples from representative orchards obtained during three seasons, with 
about 80 percent of samples from orchards on sweet lime, the remainder on sour orange stock. 
+ Each value is the mean of 4 to 5 samples from representative orchards. 
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Table 2-41 
ISRAELI CITRUS PRODUCTION AND EXPORTS; 
AVERAGE, 1934-38, AND 1935-39; ANNUAL, 1951 TO 1964° 
(In Thousand Boxes) 
Period and Production Exports 
Year Oranges Grapefruit Lemons Oranges Grapefruit Lemons 
Average: 
1 ses aa ae 9,099t 1,409 86 
1935-39 8,700 1,400 90 wake oe isis 
Annual: 
1951 6,708 1,136 254 3,082 615 
1952 6,373 1,456 220 5,403 932 8 
1953 12,073 1,540 295 8,514 1,165 104 
1954 9,573 1,530 380 7,039 1,120 229 
1955 11,325 1,450 375 8,064 1,064 209 
1956 10,829 1,513 259 8,178 1,224 151 
1957 11,245 1,603 345 8,144 1,055 198 
1958 15,646 1,846 461 8,847 1,237 274 
1959 15,525 1,934 436 10,376 1,414 250 
1960 11,673 1,900 474 8,454 1,116 250 
1961 12,100 2,100 700 8,978 1,276 276 
1962 17,300 2,700 900 10,503 1,636 440 
1963 16,000} 3,450} 900 9,155 2,014 353 
1964§ 20,000 3,250 900 12,000 2,200 360 


* Converted to boxes of the following weights: oranges, 70-lb; grapefruit, 80-Ib; lemons, 76-lb. 
t Actual exports made during the calendar years of 1935-39. 


t Unofficial estimate to show fruit losses. 
§ Estimated from Israeli preliminary data. 


Table 2-42 


ISRAELI FRESH CITRUS EXPORTS BY COUNTRY 
OF DESTINATION FOR THE 1960-61 CROP YEAR® 


(In Thousand Boxes) 

Country of 
Destination Oranges Grapefruit Lemons 
United Kingdom 3,539 389 54 
West Germany 1,289 217 seat 
Netherlands 671 35 6 
Sweden 510 30 8 
Finland 438 20 8 
Denmark 409 45 25 
Belgium-Luxembourg 389 69 8 
Norway 299 16 4 
Yugoslavia 237 ds 75 
Switzerland 184 129 5 
Canada 159 ae me 
Austria 110 19 14 
Rumania 53 5 32 
Poland 50 cae a 
East Germany 14 3 
Iceland 14 aes eis 
Bulgaria 10 es 10 
France 8 181 ae 
Other Countries 69 12 1 

Total Fresh Exports 8,452 1,170 250 


* Converted to boxes of the following weights: oranges, 


70-lb; grapefruit, 80-lb; and lemons, 76-Ib. 


Google 


second most important pest. Purple scale and 
California red scale also require control at times. 

Israel Marketing. —Exports dominate cit- 
rus marketing in Israel. All exports are controlled 
by the Citrus Marketing Board of Israel, which 
makes all shipments and collections, and carries 
out advertising and market promotion. This quasi- 
governmental agency has been effective in devel- 
oping Israel's citrus exports, the country’s most 
important source of foreign exchange. 

Israel citrus utilization for 1961-62 is 
shown in table 2-39. About 70 per cent of citrus 
production was exported fresh, about 17 per cent 
was processed, and 13 per cent was consumed 
on the domestic market. Domestic use of fresh 
citrus might have been greater if there had been 
no government controls. However, the 1961-62 
per capita citrus consumption was at a high 
level of over 70 pounds. Sample analyses data 
on the composition of Israeli citrus is presented 
in table 2-40. 

Fresh orange exports of Israel were nearly 
1 million boxes in 1920-21 and reached a peak 
of 13 million boxes in 1938-39. Following a 
decline to only 1 million boxes in 194445, ex- 
ports increased to nearly 14.5 million boxes in 
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1964-65. Production and fresh fruit export esti- 
mates for selected periods from 1934 to 1964 are 
presented in table 2-41. Plans for expanded pro- 
duction indicated possible future citrus export 
supplies of 25 million boxes after 1975. 

By 1961-62, Israel was exporting fresh 
citrus to all of the European markets, Canada, 
and the United States. Israel citrus exports by 
country of destination for 1961-62 are given in 
table 2-42. 

Israel has the most modern citrus process- 
ing facilities in the Mediterranean basin, and the 
bulk of all citrus byproducts are exported. In 
1960-61, over 3 million gallons of canned single- 
strength juice were sold in Europe, about half of 
this quantity to the United Kingdom. Israeli fresh 
citrus and citrus byproduct exports by country 
of destination for 1960-61 are given in table 
2-43. 

Israel is also a large packer of grapefruit 
sections for the United Kingdom. As citrus pro- 
duction increases in Israel, processing will prob- 
ably become an even more significant market 
outlet. 


Italy 

Italy is the third largest ye 
country in the world, being exceeded only by 
the United States and Spain in planted area and 
total production. Italy is also the world’s second 
largest lemon producer and the major orange 
producer in the European Economic Community. 

Total citrus plantings in Italy in 1961-62 
on a solid planting basis were about 300,000 acres. 
Total citrus production in 1965 was estimated at 
54 million boxes, including 37.6 million boxes of 
oranges and mandarins and 16.3 million boxes 
of lemons and limes. 

Commercial citrus production includes 
large quantities of bergamot and chinotto oranges, 
blood oranges with pigment in the juice, citron, 
and mandarin varieties. Grapefruit is a minor 
crop. Table 2-44 presents an acreage compari- 
son for types of Italian citrus from 1948 to 1960. 

Distribution and Climatic Conditions.— 
The most important citrus-producing areas of 
Italy are in Sicily and the southern part of the 
peninsula (fig. 2-21). 

Although plantings in Sicily are scattered 
more or less over the island, they are nearly all 
limited to the coastal areas and valleys extending 
inland. The greatest density of distribution is on 
the east coast. 

Most of the plantings in southern Italy are 


Google 


THE CITRUS INDUSTRY 


in warm areas of low altitude in a belt skirting 
the coast from Fondi to the Gulf of Taranto. This 
district includes such provinces as Lazio, Cam- 
pania, Calabria, Puglia, and Basilicata. In north- 
ern Italy, the Ligurian section, famous in the 
history of the industry during the fourteenth and 
fifteenth centuries, occupies a narrow coastal belt 
extending from Genoa to St. Remo and the 
French boundary. This unusual region, which 
lies slightly farther north than the upper limits 
of the citrus-growing regions of California, ac- 
counted for only about 10,000 acres of Italian 
plantings in 1962. 

The southern Italian peninsula and Sicily 
have a mild climate, and summer temperatures 
over 90° F are rare. The season of heaviest rain- 
fall is from September to March. Average annual 
rainfall for aa citrus districts is as follows: 
Messina (Sicily), 39 inches; Taranto, 14 inches; 
Catania, 24 inches; Palermo, 25 inches; and 
Naples, 34 inches. Rain falls every month of the 
year in the Ligurian district of northern Italy. 
Average annual rainfall at Genoa is 46 inches. 

The temperature of all citrus areas is 
greatly modified by proximity to the warm waters 
of the Mediterranean Sea. The climate of Sicily 
is particularly mild. Mean maximum tempera- 
tures range from 57° F in January to 86° F in 
July. Mean minimums are 49° F in January and 
72° F in July. Mean temperatures in the south- 
erm part of the Italian peninsula are slightly 
lower than those of Sicily. In the northern Ligu- 
rian section, mean maximums at Genoa range 
from 50° F in January to 82° F in July, and 
mean minimums range from 41° F to 70° F 
for those respective months. 

Climatic hazards include hot summer 
winds from Africa, drought, floods, and frost. 
The reduction of plantings in the Ligurian sec- 
tion is primarily due to frost hazards, and even 
in the southern areas of Italy frost injury some- 
times causes considerable damage. Oranges in 
the Catania Valley of Sicily suffered extensive 
tree damage from frost in March of 1940 and 
1949, and lemon and tangerine fruit and blos- 
soms were affected in other citrus areas. In 
March of 1962, frost again damaged orange trees 
in the Catania Valley and reduced the 1962-63 
crop. 

New citrus areas in the Metaponto plain 
may have a higher frost hazard than the Sicilian 
citrus districts. Lemon trees planted on sloping 
ground near the sea are seldom damaged by 
frost. Snow has fallen in groves on the slopes of 
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Fig. 2-21. Citrus areas of Italy. 
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Mount Etna without apparent damage to crops 
or trees. 

In 1963, a few wind machines were being 
installed in Sicilian orange districts. Citron groves 
near Belvedere and lemon and orange plantings 
at Amalfi and Sorrento are protected from frost 
by mats laid on permanent framework covering 
entire groves. 

Completion of Italian government recla- 
mation projects will bring about 850,000 addi- 
tional acres under irrigation in southern Italy and 
Sicily, and may be expected to increase citrus 
plantings. Approximately 450,000 acres of irri- 
gated area are being added to the Metaponto 
plain and 400,000 acres to Sicily. The most im- 
portant Sicilian project is reclamation of the val- 
ley of the Simeto River inland from Catania, near 
the well-established orange districts of Franco- 
forte, Lentini, and Paterno. Completion of this 
project in 1963 resulted in 72,000 additional irri- 
gated acres. 

Varieties.—The most important Italian 
lemon varieties are the Femminello, which ac- 
counts for 75 per cent of lemon production; the 
Monachello, a low acid type with some resistance 
to mal secco; and the early Interdonato. When 
Italians speak of lemons, they rarely distinguish 
them as varieties. Instead they identify them by 
different blooms as primofiore, limoni, and ver- 
delli. Most export and processing fruit are the 
limoni or winter lemons. Because of poor proc- 
essing qualities and their harvest season, the usu- 
ally green summer verdelli lemons are used as 
fresh fruit. 


THE CITRUS INDUSTRY 


The common bloom identification used by 
the Italian trade is given below: 


Primary 
Bloom Variety Season 
Primofiore Femmincllo September through 
(first flower) Interdonato November 
Limoni or Limoni Feminello December to June 
D’Inverno Monachello 
(lemons or winter 
lemons) 
Biancuzzi Feminello April to May 
Monachello 
Maiolina or Verdelli_ Feminello May to June 
Maiolina (May Monachello 
flower) 
Verdelli Feminello June to September 
(summer lemon) Monachello 


Average yields of Italian lemon groves are 
300 boxes per acre annually, consisting of about 
175 boxes of winter lemons and 125 boxes of 
verdelli fruit. 

The most important Italian orange varie- 
ties are bloods with pigment in the juice. These 
include the early Moro, harvested from late No- 
vember to February; the Tarocco, a Sicilian 
variety harvested in eat and February; and 
several strains of Sanguinello. 

The ordinary sweet oranges include many 
strains of the Biondo or “blond” early varieties, 
which are harvested from November to May. 


Table 2-44 
CITRUS ACREAGE OF ITALY FOR 1948, 1957, AND 1960° 
(In Thousand Acres) 
1948 1957 1960 
Class of Citrus Italian Solid-Planting Italian Solid-Planting Solid-Planting 
or Variety Basis Basis Basis Basis Basist 
Oranges 136 61 195 90 200 
Mandari 73 22 75 24 34 
Lemons 116 50: 126 50 60 
Citron and Chinotto 1 1 1 1 1 
Bergamot and Others _10 _s5 _9 _4 _s 
Total Citrus Acreage 336 139 406 169 300 


* The Italian basis columns include “specialized” and “mixed” plantings as reported officially in Italy. The estimates 
for the solid-planting basis columns were based on the assumption that 60 per cent of the “specialized” plantings 
and 25 per cent of the “mixed” plantings are citrus. Italian data consider an area “specialized” when planted to 
over 40 per cent of one citrus variety and “mixed” when planted to less than 40 per cent. Under this system, an 
acre on which 10 per cent of the area is oranges, 10 per cent tangerines, and 10 per cent lemons could be classed 


as 3 acres of “mixed” citrus. 
t Includes bearing and non-bearing groves. 
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The Ovale is Italy’s late variety orange, and is 
harvested from March through June. 

Orange yields are higher than those for 
lemons, since there is no hazard of production 
from many blooms or the forcing of blooms. 
Average yields of groves over twenty years of 
age range from 350 to 450 boxes (70-lb) per acre 
annually. Yields average less than two boxes per 
tree for both oranges and lemons. 

Italy also produces citron, chinotto, and 
many types of mandarins, including Clementines 
and a number of domestic tangerines such as the 
Precoce, Paterno, and Tardivo. The bergamot 
orange is unique to Italy and the province of 
Calabria, and is used entirely for processing, 
primarily for essential oil. 

Cultural Practices.—Italy’s widely dis- 
persed citrus industry—the most complex in the 
Mediterranean—consists primarily of one to two 
acre groves, many of them mix-planted with other 
crops. Soil types in all areas vary from heavy to 
light, sandy loams, and soils on valley floors tend 
to be heavier than those of hillside plantings. 

Most lemons are planted on sloping ter- 
rains, irrigated, heavily pruned, and cultivated 
by hand or with small tractors. Orange groves 
are usually larger than lemon groves. Some areas 
plant as many as 600 trees to the acre, but the 
average density is about 200 trees. All citrus is 
grown on sour orange rootstock, and all of Italy’s 
orange and mandarin production is therefore sus- 
ceptible to the tristeza virus. 

Summer lemons are produced in parts of 
Sicily by the verdelli practice, which involves 
drying groves to the point of wilt in June and 
July, and afterwards forcing an out-of-season 
bloom by irrigation and fertilization, When suc- 
cessful, this practice results in a larger lemon 
crop for April to August harvest but reduced 
winter and spring crops. The higher returns for 
summer lemons encourage growers having ter- 
race groves (fig. 2-22) with light soil to force 
summer lemons, but the practice also weakens 
trees and may create disease problems. 

The costly pruning of trees to remove dis- 
eased wood and the resultant loss of bearing 
surface is a serious problem to the Sicilian lemon 
grower. 

The Mediterranean red scale is the most 
common scale pest. The red spider is responsible 
for considerable damage, and the citrus bud mite 
deforms thousands of tons of citrus each year. 
The Mediterranean fruit fly damages oranges and 
mandarins and prevents tree-storing of oranges 


piatizes ty (GOORle 





Fig. 2-22. Terraced lemon plantings at Amalfi. 


into the summer season. Other common pests 
are: cottony-cushion scale, mealybug, purple 
scale, ivy scale, black scale, citrus thrips, and 
the Argentine ant. 

Phytophthora root rot is the most wide- 
spread disease. Mal secco is the most damaging 
lemon disease, attacking trees through roots and 
leaves. This pernicious fungus also attacks sour 
oranges, but sweet oranges and mandarins are 
seldom bothered seriously. Mal secco is active 
in most lemon areas, and varieties resistant to this 
disease are being planted. Other diseases are 
Anthracnose rot and concave psorosis. 

Italian Marketing.—Fresh fruit sales pro- 
vide the major outlet for Italian citrus with about 
80 per cent of all oranges, all of the mandarins, 
and 75 per cent of the lemons sold fresh. 

Italy’s fresh fruit trade is characterized by 
the spirit of free enterprise. Each grower sells 
his fruit to a buyer as best he can, one variety 
or bloom of fruit at a time. The buyer usually 
represents a fresh fruit packer, who is both an 
exporter and a wholesaler in the domestic mar- 
ket. When prices are exceptionally low or wind 
drops fruit, juice factories may purchase directly 
from the grower. 

The market for fruit is the total demand 
from buyers serving both the domestic and ex- 
port market and the juice factories. A grower's 
interest ends when he sells his fruit, and all pack- 
ing and future sales are handled by the buyer. 

Fruit may be sold on the tree or picked 
from the tree by the kilo or the “thousand” (1,040 
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lemons). Lemons are marketed as harvested at 
all times of the year. The only fruits stored are 
some oranges such as the late Ovale for sale dur- 
ing the summer. 

Lemons and oranges are picked by break- 
ing the stems. Picked fruit is carried in baskets 
(fig. 2-23) to a central place in the grove, and 
stems are clipped before the fruit is counted or 
weighed and placed in field boxes for transport 
to the packinghouse. 

The traditional Italian packinghouses have 
no machinery, operating today much as they have 
for fifty years or more, primarily because of the 
abundance of labor. Fruit may be graded from 
field boxes or baskets or from a padded trough, 
and is usually not washed during the hand 
grading and packing process. 

Most orange exports are in bulk and there 
is no need for packing. Lemons, the primary 
packed citrus export, are difficult to size me- 
chanically because of their shape. Sight-sizing 
of lemons was a common practice until recently, 
even in California. 

Italy has made two attempts to modernize 
citrus marketing. In the period from 1957 to 1959, 
the Sicilian government established a program 
known as SACOS to pack export orders at a 
fixed fee for exporters. New packinghouses with 
machinery for washing, sizing, grading, and pack- 
ing lemons were built at Bagheria, Catania, and 
Siracusa. The plants were little used, probably 
because the trade believed old methods to be 





Fig. 2-23. Harvest scene in Sicilian lemon orchard. 
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cheaper and the SACOS plants were considered 
an invasion of the highly competitive export 
trade. The SACOS program failed to accomplish 
its purpose, and through 1963 nearly all export 
lemons were packed in the traditional manner. 

In late 1963, a new, more ambitious pro- 
gram was undertaken with Sicilian government 
assistance amounting to a reported 10 million 
dollars. A firm called ETNA was established, 
which took over all the former SACOS plants. 
The old plants were re-equipped with modern 
packing machinery, and larger packing plants, a 
processing plant, and cold storage facilities were 
also built. 

In 1964, these facilities could pack 24,000 
boxes of oranges and 21,000 boxes of lemons 
daily. The processing plant at Catania is de- 
signed to produce frozen orange juice concen- 
ped and up to 6,000 cases of single-strength juice 

aily. 

ETNA has the potential for marketing 
about one-fourth of Italy’s export citrus. Since 
ETNA does not control any fruit, it must obtain 
all supplies by purchases from growers. The price 
of securing citrus supplies, the low yields of 
Sicilian product oranges, and operational ex- 
penses of ETNA would all seem to be formidable 
problems. This controversial new government 
program was still of undetermined value in 1965 
and its future was uncertain. 

The seasonality of Italy’s lemon trade de- 
pends on the size of the winter and summer 
lemon crop. Large winter lemon crops usually 
result in heavy supplies of Italian lemons in 
Europe through June, and mean abundant sup- 
plies of lemon juice and essential oils. Since 
large winter lemon crops generally result in a 
small summer harvest, small winter lemon crops 
are favorable to the set of summer fruit. 

Italy’s orange export season is relatively 
short with major shipments made from Decem- 
ber through March. Few exports are made as 
late as June, and the domestic market from June 
to November is supplied mostly by out-of-season 
fruit and supplies from cold storage. Varieties 
being planted will not extend this marketing sea- 
son. The mandarin export season is even shorter, 
beginning in November, becoming heaviest just 
before Christmas, and ending by March. 

Fresh Fruit Exports.—Italy’s fine table 
oranges, blood varieties with pigment in’ the 
juice, have high acceptance in their limited 
export market and generally sell at a premium 
over all winter oranges from the United States. 
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If they were graded arid packed, the bloods 
would probably be even more competitive, but 
it remains to be seen if the Italian industry will 
expand its export market in this manner. 

_ A serious handicap to the extension of 
Italy’s export trade is lack of a high quality, non- 
blood orange. To compete with U. S. industry, 
the Italian lice industry has changed the size 
of its package to a half-box container. The change 
has not been accompanied by improvement in 
the quality of thé pack, however. 

Italian production and exports of fresh 
fruit orahges, mandarins, and lemons from 1948 
to 1964 are presented in table 2-45. The seasonal 
nature of the Italian citrus export market is indi- 
cated by table 2-46, which shows monthly orange, 
mandarin, and lemon exports for 1960-61. The 
scope of the Italian export market is shown in 
table 2-47, which presents citrus exports by 
country of destination for the crop years 1958 
and 1961. 


Processing.—Italy has one of the world’s 
oldest citrus-processing industries. Citric acid, 
peel in brine, and essential oils of orange, tan- 
gerine, lemon, and bergamot have been produced 
in commercial quantities for over a century. 

_ The well-established Italian processing in- 
dustry is widely dispersed with over fifty large 
plants. There are at least twelve lemon-processing 
plants near Palermo. Twenty plants near Messina 
along the Sicilian east coast aia both lemons 
and oranges. Twenty more plants in the province 
of Calabria near Reggio Calabria are primarily 
processors of essential oil of bergamot. Most 
canned sihgle-strength juice is processed by a 
plarit at Gioia Tauro in Calabria. 

Approximately 75 per cent of citrus juice 
and essential oil is produced by about ten of the 
large plants. In addition to the large plants, there 
are several hundred field plants in producing 
areas that extract juice and oil by simple proc- 
esses for sale to large processors. 

Every Italian processing plant viewed by 
the author in 1963 was either completely new or 
undergoing major modification that would ex- 
pand production and storage capacity. The more 
modern, subsidized processing industry will have 
a significant impact on the future of Italian 
processing. | 

In Italy, a processing plant is primarily 
a juice and oil treatment operation. The extrac- 
tion of juice and oil is a secondary operation, 
since about half of the juice is extracted by hun- 
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dreds of small juice extractors operating in the 
field near fresh-fruit packing plants. 

Nearly all juice is preserved with sulfur 
dioxide. About half of Italian juice exports are 
single-strength and the rest are concentrated. 
Most of the citrus juice production is packed in 
casks, and only a small quantity is canned. 

Preserved single-strength juice is stored in 
open wooden tanks, holding 30 to 50 tons of juice. 
In 1960, total storage for about 2 million gallons 
of juice was being oi ite 

In general, Italy’s oranges are highly col- 
ored, rather acid table fruit with modest juice 
yields. Sample analyses data on the juice compo- 
sition of selected citrus varieties are presented 
in table 2-48. As in all citrus areas having Medi- 
terranean fruit fly, some lots of orange and tan- 
gerine juice may contain such defects as insect 
fragments as a result of processing fruit infected 
with fly larva. Lemons are not bothered by the 
Mediterranean fruit fly, however. 

Essential oil was once extracted by ex- 
pressing the oil into a sponge. Processors have 
now replaced sponge extraction with machines 
that can perform the task cheaper, yet may pro- 
duce a lower grade product. Data on the charac- 
teristics of certain Italian essential oils is pre- 
sented in table 2-49. The preservation of peel 
in brine is carried out by Italian processors much 
as in the past. Citric acid, a major product twenty 
years ago, is declining in importance. 

Trade sources in Sicily and European mar- 
ket areas report the widespread practice of adul- 
teration of citrus products in Italy. Orange juice 
is adulterated with sugar, lemon juice with citric 
acid, and essential oils are stretched in many 
ways. 

No official data exist on over-all Italian 
annual production of citrus byproducts. Trade 
estimates indicate that in 1958 there was produc- 
tion of 2 million gallons of orange juice and 5 
million gallons of lemon juice. Production of es- 
sential oils in 1958 was as follows: orange oil, 
120,000 pounds; lemon oil, 600,000 pounds; ber- 
gamot oil, 400,000 pounds; and tangerine oil, 
75,000 pounds. Total volume for 1958 of other 
citrus byproducts was as follows: neroli and petit 
grain, 40,000 pounds; peel in brine, 24 million 
pounds; citric acid, 800,000 pounds; and liquid, 
paste, and dry pectin, 175,000 pounds. 

Data on single-strength and concentrated 
orange and lemon juice exports of Italy by coun- 
tries of destination for 1960 are presented in 
table 2-50. 
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Month 


November 
December 
January 
February 
March 
April 

May 

June 

July 
August 
September 
October 


Total 


* Estimated for boxes of the following weights: or- 


Table 2-46 


MONTHLY ORANGE, MANDARIN, AND LEMON 
EXPORTS OF ITALY FOR THE 1960-61 


Table 2-47 


ITALIAN EXPORTS BY COUNTRY OF 
DESTINATION FOR 1958 AND 1961° 


1,136 
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Lemons 


1958 1961 


472 620 
173-64 
115... 
378 i... 
781 
291 663 
102 
190 
413 
503 
781 


284 
610 
682 


2,791 3,016 


204 771 


CROP YEAR*® (In Thousand Boxes) 
(In Thousand Boxes) 
Country of Oranges Mandarins 
Oranges Mandarins Lemons _ Destination 1958 1961 1958 1961 
31 8 467 Austria 908 1,013 93 230 
537 374 655 Czechoslovakia ina ice a 
Denmark 
963 462 492 East Germany 
1,384 181 674 France 
1,188 17 770 Hungary we. sh 
758 83] Netherlands 106 = 67 
341 jag -Folene wae 
Rumania aos wie 
4 615 Sweden 818 547... 
1 609 Switzerland 950 1,017 198 197 
sett 247 United Kingdom ae ese 
l 333 U.S.S.R. tes eae See ae 
j 1 44g WestGermany 1,923 1,675 1,072 744 
Other Countries 343 524 209 91 
5,209 1,043 6,885 Total Exports 5,101 4,776 1,678 1,329 


anges, 70-lb; lemons, 76-lb. 
+ Less than 500 boxes. 


Class of Citrus and Variety Region 


Oranges: 


Biondo comune® 
Biondo comune® 
Biondo di spina® 


Morot 


Taroccot 
Sanguignot 
Sanguignot 


Sanguinello moscatot 
Sanguinello moscatot 


Lemons: 


Femminello} 
Monachello}t 


Mandarin 


Bergamot 


Sicily 
Calabria 
Calabria 
Sicily 
Sicily 
Sicily 
Calabria 
Sicily 
Calabria 


Sicily 
Sicily 
Sicily 
Calabria 


7,136 7,904 
* Crop years from November 1 to October 31. Esti- 


mates based on boxes of the following weights: or- 


anges and mandarins, 70-lb; lemons, 76-Ib. 


Table 2-48 
RANGE IN COMPOSITION OF SOME ITALIAN CITRUS FRUITS 


Harvest 
Period 


Nov.—Mar. 
Nov.—-Mar. 
Nov.—Feb. 
Dec.—Jan. 
Dec.—Jan. 
Dec.—Mar. 
Dec.—Mar. 
Jan.—Mar. 
Jan.—Mar. 


Sept.-Nov. 
Sept.-Nov. 


Dec.—Jan. 


Juice 
Content 
(Per Cent) 


31-53 
38-45 
38-43 
33-51 
31-47 
31-53 
37-43 
26-43 
40-44 


30-38 


54-70 
32-45 


Brix 


(Degrees) 


10.4-13.9 

9.2-13.7 
12.8-13.8 
10.0-12.4 

9.3-14.4 
10.6-12.9 
13.0-15.0 
11.5-14.9 
13.0-14.8 


Juice Characteristics 


(Per Cent) 


2.38-1.39 
2.27-0.96 
2.65-2.14 
2.18-1.12 
2.23-1.10 
2.47-1.13 
2.57-1.71 
3.41-1.58 
2.41-0.95 


8.2-6.5 

7.7-5.3 
1.20-0.50 

4.9-2.3 


Solids- 
Acid 
Ratio 


4.4-9,2 
4.7-12.2 
4.9-6.5 
5.0-10.1 
5.1-11.9 
4.4-10.9 
5.1-8.8 
3.5-9.9 
5.4-15.6 


Ascorbic 
Acid 
(mgm per 
100 ml) 


64-75 
28-80 


45-60 


Source: La Face, F. 1956. Aspetti della produzione e dell’ industria agrumaria in Italia. Essenze Deriv. Agrumari 26: 


149-66. 


* Common or seedling non-bloods. 
+ Blood varieties. 
} Spring bloom (primofiore and limoni) crop. 
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Italian Citrus Outlook.—Dramatic changes 
in the Italian citrus industry can be expected in 
the next decade as Italy adjusts to its role as the 
major citrus supplier in the European Economic 
Community. 

Sicily is changing more rapidly than at 
any time in its economic history. New irrigation 
projects, electric power, and opportunities for 
southern labor to find work in northern European 
labor markets are all influencing the economy. 
Between 1960 and 1963, an estimated 30,000 
acres of new citrus were planted in Sicily, con- 
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sisting mostly of oranges in the Catania Valley 
and scattered plantings of lemons along the coast 
from Messina to Palermo. 

Citrus plantings are increasing on the 
southern coast of Italy between Taranto and Reg- 
gio Calabria, and extensive new plantings have 
been made east of Crotone, west of Sibari, and 
in the narrow coastal area between Lorci and 
Melito. 

By 1970, Italian orange exports could reach 
15 million boxes—three times the 1958 level. 
Lemon exports will probably increase also, but 


Table 2-50 


ITALIAN ORANGE AND LEMON JUICE EXPORTS BY COUNTRY OF DESTINATION FOR THE 
1960 CALENDAR YEAR?® 
(In Thousand Gallons) 


Orange Juice 


Lemon Juice 


Country of Destination Single-Strength Concentrated Single-Strength Concentrated 
Western European 
Common Market: 
Belgium-Luxembourg bate st 1 6 
France 1 1 2 12 
Netherlands 8 132 8 3 
West Germany 34 449 180 116 
Total 43 582 191 137 
Other Countries: 
Austria ll 25 8 10 
Denmark 6 14 9 13 
Finland ae | 2 t Oe 
Norway 4 7 1 
Sweden 2 72 4 22 
Switzerland 3 4 62 7 
United Kingdom 161 286 1,369 199 
Other _2 l 1 a 
Total 189 4ll 1,453 252 
Eastern Europe: 
Czechoslovakia 2 247 69 
Poland as ar | 
Other edt a 4 —_ 
Total aoe 2 251 69 
Other Markets: 
Africa 10 cadet 33 
Canada baet 1 ae 
Iceland se ae seset 
Latin America ee ae et 
Middle East i ae 9 oe 
United States aed er 2 6 
Other 3 5 l 11 
Total 3 15 13 50 
Total Exports 235 1,010 1,908 508 


* Official data is only an approximation of Italy’s product trade. Total exports of lemon juice are larger than shown, 
since exports to the United States are not completely reported. 


t Less than 500 gallons. 
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are unlikely to exceed 9 million boxes a year. 
oe ae exports will probably remain relatively 
stable at about 2 million boxes a year. 

New plant capacity and government aid 
can be expected to increase the competitive posi- 
tion of Italy’s citrus-processing industry in the 
future. Although the pigmented, acid Italian 
orange does not lend itself to large-scale proc- 
essing, Italy is likely to become a more impor- 
tant source of supply for industrial orange juice 
in Europe. 


Lebanon 


Lebanon's old, small citrus industry has 
been expanded and partly modernized since 1950, 
when total citrus plantings consisted of about 
17,000 acres, including 11,000 acres of sweet 
oranges, 1,000 acres of sour oranges and tan- 
gerines, and 4,000 acres of acid lemons. 

Total citrus acreage in 1961-62, bearing 
and non-bearing, was about 25,000 acres. Total 
citrus production for 1963-64 was estimated at 
more than 4 million boxes. 

The areas of Lebanon suitable for citrus 
expansion are limited, and all plantings are lo- 
cated on the narrow, eroded coastal plain (fig. 
2-24). Lebanon’s orange, lemon, tangerine, and 
tie tia acreage has gradually expanded in the 

istricts of Tripoli and Akkar in north Lebanon 
and in the districts of Sidon (Saida) and Tyre in 
south Lebanon. Grapefruit acreage has subse- 
quently increased since 1956. Citrus competes 
with bananas, loquats, and irrigated field crops. 

Coastal areas are warm enough and sufh- 
ciently humid to grow bananas, but only a short 
distance inland there are mountains of 8,000 to 
11,000 feet in elevation with an alpine climate. 

The bulk of rainfall in Lebanon is dis- 
tributed between October and May with 6 to 
8 inches each month typical from December 
through February. Little rain occurs during the 
summer months of May to November. Average 
annual rainfall ranges from 23 inches in south 
Lebanon to 35 inches at Beirut. 

Mean maximum temperatures at Beirut 
range from 62° F in January to 87° F in July, 
and mean minimums range from 51° F to 73° F, 
respectively. Humidity averages between 60 and 
80 per cent from November to March and be- 
tween 65 and 40 per cent from April to October. 
Severe frosts occur at intervals of a decade or 
more, damaging trees and fruits. 

Lebanon’s mild, humid climate results in 
mature Shamouti oranges in November with a 
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peel that is still green or only breaking in color. 
Citrus normally blooms in March and April, and 
oranges are harvested from November through 
March. Harvest of most acid lemons is also dur- 
ing this period, although some lemons are har- 
vested throughout the year. 

The Shamouti, the major orange variety, 
accounts for about 65 per cent of orange pro- 
duction. Two Shamouti strains are recognized: 
the Yafawi, a common, thick-skinned type; and 
the Baladi, an earlier, thinner-skinned fruit grown 
near Sidon. Next in importance is the seedy, thin- 
skinned, orange variety (a group of strains) called 
Bizri or Baladi which is used for domestic con- 
sumption. Other varieties include the sweet- 
scented Moghrabi; the Mawardi, a local blood 
orange; and Valencia and navel oranges. Sat- 
sumas, tangerines, and sour oranges are also 
grown, the latter for leaf and flower products 
as well as fruit. There are also commercial crops 
of grapefruit, sweet limes, sweet lemons, and 
acid lemons. 

Lebanese citrus groves are generally small, 
ranging from 2 to 10 acres. Planting distances 
vary: some groves are planted with spacing dis- 
tances of 20 feet by 20 feet, and other groves 
are planted with trees only 10 feet apart and 
a density of about 300 trees per acre. Both sweet 
lime and sour orange are used as rootstocks. 

Most Lebanese groves are hand cultivated, 
although some are operated with mechanical till- 
age. Citrus is sometimes mix-planted with other 
crops, including bananas. Pruning is not as heavy 
as in Italy, although the lower limbs of trees are 
removed in hand-cultivated groves. All groves 
are irrigated, mostly with gravity water. As Leba- 
nese water resources develop, citrus acreage 
could be expanded. 

Orchards planted on terraces and sloping 
ground are provided with elaborate stone or con- 
crete drainage ditches to carry off water and ie 
vent erosion in periods of heavy rainfall. Italian 
cypress are used as windbreaks to H adcdoet groves 
in exposed areas. Goat manure is the commonest 
fertilizer. Nurseries sell about half of their trees 
as seedlings for budding in the grove. 

The major citrus pests include Florida 
red scale, rust mite, and Mediterranean fruit fly. 
Important diseases are gummosis and psorosis. 

Lebanon exports most of its orange and 
lemon crop. Citrus production and exports of 
Lebanon from 1951-52 to 1964-65 are shown 
in table 2-51. During the period from 1951-52 
to 1959-60, combined orange and mandarin ex- 
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of Lebanon. 
Table 2-51 
LEBANESE CITRUS PRODUCTION AND EXPORTS; SELECTED 
CROP YEARS, 1951-52 TO 1964-65° 
(In Thousand Boxes) 
Production Exports} 
Oranges and 

Crop Year Mandarins Lemons Grapefruit} Oranges Lemons 
1951-52 1,949 522 si 974 290 
1955-56 2,394 490 sis 1,298 209 
1959-60 2,362 522 30 1,996 514 
1960-61 2,220 1,160 4] sees _ 
1961-62 3,023 783 4] 
1962-63 3,179 957 ~~ 
1963-64§ 3,370 1,102 
1964-65§ 3,811 1,218 eee see 

* Estimated for boxes of the following weight: oranges, 70-lb; lemons, 76-lb; and grapefruit, 80-lb. 

t Negligible prior to 1956. } Calendar year. § Estimated data. 
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Table 2-52 


DOMESTIC UTILIZATION OF LEBANESE CITRUS 
FOR THE 1958-59 CROP YEAR 
(In Metric Tons) 








Class of Fresh Utilization 
Citrus Fruit Juice Syrup Peel Total 
Oranges 24,000 1,000 400 25,400 
Lemons 3,500 400 100 4,000 
Tangerines 2,600 200 25 2,825 
Grapefruit 125 800 25 eng 950 
Sour Oranges sete a 50 8200 250 
Sweet Limes 250 ees oe 250 





ports increased from about 1 million boxes to 
nearly 2 million boxes. Lemon exports increased 
during the same period from almost 300,000 boxes 
to over 500,000 boxes. 

Domestic demand is primarily for fresh 
fruit, and Lebanon’s 1.5 million consumers use 
about seven pounds of citrus per capita annually. 
There is a small citrus-processing industry. Do- 
mestic utilization of fresh citrus and citrus prod- 
ucts for 1958-59 is presented in table 2-52. 

Although citrus exports have expanded in 
Lebanon in recent years, the pattern of trade 
has remained the same as in the past. Exports 
are to traditional markets in nearby Middle East- 
ern countries, with Syria receiving half of all 
citrus exports. 

The trend of Lebanese citrus exports will 
probably continue upward as new export pack- 
ing facilities and government-assisted programs 
are put into effect. Capacity of Lebanese pack- 
ing plants in 1962 was estimated at 17,000 cases 
for a 10-hour work day. 


Morocco 


Moroccan citrus production has grown at 
an astonishing rate in the past twenty-five years, 
increasing from an average of about 900,000 
boxes annually in the period from 1935 to 1939 
to 19.4 million boxes in the 1964-65 crop year. 

Unlike Algeria, mandarin (mostly Clemen- 
tine) production has never been of primary im- 
portance in Morocco. Production is concentrated 
mainly on oranges, and mature groves provide 
the best yields in North Africa, averaging 300 
to 450 boxes an acre. In the 1950-51 season, 
for example, orange production was over 4 mil- 
lion boxes as compared with a production of 
only 550,000 boxes of mandarins (including 
Clementines). 

Total citrus plantings in Morocco in 1964 
consisted of approximately 135,000 acres with 
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about 25 per cent of the planted area not yet of 
full-bearing age. The accelerated growth of the 
citrus industry of Morocco in recent years is 
indicated by estimates of the number of citrus 
trees from 1918 to 1948. In 1918, Morocco re- 
ported 90,000 trees in native orchards and 10,000 
trees planted by Europeans. Twenty years later, 
in 1938, there were 500,000 trees in native or- 
chards and 1 million in orchards planted by 
Europeans. By 1948, there were 4.5 million trees 
of which 1.1 million were in native-planted 
orchards. 

In 1964, new plantings were reported as 
being made at the rate of about 3,500 acres a 
year. However, changes in land tenure are 
occurring as European colonial ownership is re- 
placed by Moroccan private and government 
operation and ownership. These changes will 
probably result in slower expansion in the future. 

About 76 per cent of all citrus property 
in 1960 was owned by Europeans. Since 1960, 
the Moroccan government has followed a policy 
of taking over European-owned citrus property 
and placing it under the management of the 
National Office of Irrigation. When the Moroccan 
land-use planning program is completed, the 
government will operate about 30,000 acres of 
citrus formerly held by Europeans. 

Distribution and Climatic Conditions.— 
The distribution of the Moroccan citrus industry 
is illustrated in figure 2-25. There are four prin- 
cipal climatic zones. 

The desert zone, including Marrakech and 
the Souss Valley, is hot and with rainfall 
mainly distributed between October and April. 
Average annual rainfall at Marrakech is 9.5 
inches and in the Souss district 8.9 inches. Mean 
maximum temperatures at Marrakech range from 
65° F in January to 100° F in July, and mean 
minimums are 41° F and 67° F, respectively. 

The coastal citrus zones along the Atlantic 
Ocean, including Rabat, Larache, Kenitra, and 
Casablanca, have a temperate, humid climate. 
Average annual rainfall is 19.8 inches at Rabat 
and 16 inches at Casablanca, falling mostly be- 
tween October and April. Mean maximum tem- 
peratures at Rabat are 63° F in January and 82° F 
in July, and mean minimums are 46° F and 63° F, 
respectively. Climatic conditions are similar for 
the east Moroccan citrus district, centered around 
the city of Berkane on the Mediterranean Sea. 
Average annual rainfall at Berkane is 13.7 inches 
and mean temperatures in January and July are 
roughly comparable to those of Marrakech. 
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The interior districts of the Rharb and 
Tadla have rather humid climates and rainfall 
as high as 36 inches. Average annual rainfall is 
22.7 inches at Mechra Bel Ksiri in the Rharb and 
20 inches at Beni Mellal in the Tadla district. 
Both districts, while influenced by the Atlantic 
Ocean, are out of the fog belt, and Tadla, which 
is farther inland, has the hotter summers. Mean 
maximum temperatures at Beni Mellal are 63° F 
in January and 100° F in July, and mean mini- 
mums are 38° F in January and 64° F in July. 

The northern citrus areas of Meknes, Fes, 
Taza, and the Ouergha districts are higher in ele- 
vation than other Moroccan citrus regions, and 
have dry hot summers with temperatures up to 
115° F. Average annual rainfall at Meknes is 
17.7 inches, distributed mostly from November 
to May. Mean maximum temperatures at Meknés 
range from 63° F in January to 98° F in July, 
and mean minimums range from 39° F to 60° F, 


respectively. 





12 8 


MOROCCO ATR AN BF ce 


CITRUS AREA r 3 / “Nedor® * Fz, 
i . RIF 5) ie Vy, 
HARB Ships Oe 
——S- | \ 3 Oued Sebou \ Aegis a 1 coe IF nga G 
aieiens Be - ary : MOROCCO Y 
) NO. 5 ZZ 
= T Y 
® * : , ATLANTIC COAST RABAT Fes paiaerd » / ¥ 
@ = Province administrative seat NO. 2 ae eC ey ae yl 2 Y 
b ( oN. 5 >, \ (ZG 
g \ ( INTERIOR A / Y 
SS ablanca VERNES, FES. TAEA | S 8 7 
0) 7 - = ] — of NO. 4 : \ 2 
SS a a ae US he gah +2 to My 
0 25 50 75 100k ~_ i Y 
be oP en eae ol / %, 
( 10 Net. 4A , x VY, 
s a eZ 


INDEX TO PROVINCES 





. TANGER 

. TETOUAN | 
. AL HOCEIMA ‘a 
» NADOR ( 


12 


MARRAKECH 


NO. 6 (WAUT-— 
ee 


CON OMhWN — 
o 
> 
o 


. CASABLANCA | 
10. BENI MELLAL Say ee 
11. MEKNES tas ta Seo pe 
12. MARRAKECH wt a 
13. OUARZAZATE 7 
14. KSAR ES SOUK S 15 
15. AGADIR iy 


16. TARFAYA te 


28 
j Tarfaya 16 


Villa Bens 
JOT MEET EEE A 
SPANIS SJ ie rf 








ee 





<p. - -- 
te 5 ag: ze on 1 
ae » rs i f 


{ TADLA NO. 7 
4 


Ss Marrakech —_—- - = : 
\~ \ ptr \ " Y 
a 


Fig. 2-25. Citrus areas of Morocco. 


119 


There are no frost hazards in Morocco, 
although some areas have severe spring hail 
storms. Most Moroccan citrus areas are subject 
to severe hot periods, and all areas are subjected 
to sirocco winds from the Sahara Desert, par- 
ticularly in July and August. A hot December 
wind from the south affects the Marrakech, Tadla, 
and Souss Valley districts. The Rharb district is 
subject to severe floods, and some of the northern 
citrus areas adjacent to rivers are occasionally 
flooded. 

Varieties.—All export varieties of citrus 
have been introduced in Morocco. Major early 
orange varieties are the Washington and Thom- 
son navel; midseason oranges include the 
Hamlin, Washington Sanguine (a blood orange), 
Cadenera, and seedy common oranges; late or- 
anges consist mostly of the Valencia and Spanish 
Verna. 

The Clementine mandarin is second to or- 
anges in importance. Grapefruit plantings are 
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Table 2-53 
MOROCCAN CITRUS ACREAGE BY PRODUCING DISTRICT AND CLASS OR VARIETY IN 1964 


Planted 

Producing District Area 
Rharb (Sidi Slimane) 68,000 
Souss (Agadir) 16,000 
Oriental 13,000 
Marrakech 9,000 
Tadla (Beni Mellal) 6,000 
Fes 7,000 
Meknés 7,000 
Casablanca 4,000 
Total Acreage 130,000 


Planted 

Class of Citrus or Variety Area 
Washington Navel 43,000 
Valencia and Verna 51,000 
Hamlin, Cadenera and Bloods 19,000 
Total Oranges 113,000 
Mandarins 2,000 
Clementines 10,000 
Lemons 2,000 
Grapefruit 3,000 
Total Acreage 130,000 


Source: Compiled from data supplied by l’Association des Producteurs d’Agrumes du Maroc, Casablanca. 


primarily Marsh Seedless. Lemons are of the 
Eureka variety and a local variety called Quatre 
Saisons or “Everbearing.” There is increasing 
cultivation of the Wilking mandarin, particularly 
in the Souss Valley. 

Acreage estimates by producing district 
and by class or variety of citrus are presented 
in table 2-53. 

Cultural Practices.—Citrus cultural prac- 
tices in Morocco are aided by an aggressive citrus 
research program. Modern cultural techniques 
are employed in most Moroccan citrus orchards. 
Groves are vigorous and large, usually consisting 
of 100 acres or more. They are planted with 70 
to 80 trees to the acre. 

All areas are irrigated, but the amount of 
irrigation varies in quantity from one district to 


another. Irrigation is performed 6 to 8 times a 
year in the Rharb and 12 to 15 times a year 
in the Souss Valley. Irrigation is by means of 
basins, furrows, and sprinklers. Irrigation water 
is supplied by gravity distribution systems from 
dams and by pumping from wells and rivers. 

Salinity problems exist in some areas. Prun- 
ing is usually confined to removal of dead wood 
and sucker growth. Nearly all groves are pro- 
tected with windbreaks. 

Moroccan soils are lighter than those of 
Algeria, mostly red and brown, light, well-drained 
loams. Desert districts and northern areas along 
watercourses have sandy loam soils. 

Citrus normally blooms from March 15 
through May 15, and maturity is two to three 
weeks earlier than in Algeria for most seasons. 


Table 2-54 


MOROCCAN CITRUS PRODUCTION AND EXPORTS FOR SELECTED PERIODS AND CROP YEARS; 
AVERAGE, 1934-38, 1935-39, AND 1953-57; CROP YEARS, 1958-59 TO 1964-65 
(In Thousand Boxes) 


Period or Production Exports 

Crop Year Oranges° Lemons Grapefruit Oranges°® Lemons Grapefruit 
Average: 

1934-38 aus sis 195 6 

1935-39 t 900 nak et oa — iv 

1953-57 7,600 200 200 4,928 80 127 
Crop Year: 

1958-59 12,300 300 300 8,100 84 160 

1959-60 12,500 200 228 9,700 98 170 

1960-61 14,100 300 370 10,600 115 229 

1961-62 14,200 200 413 10,600 98 181 

1962-63 14,000 200 300§ 9 600 90 156 

1963-64 18,000 260 330 13,000 107 162 

1964-85§ 18,800 300 370 13,100 90 70 


* Includes Clementines and mandarins. 
f Average annual estimates. 
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t Less than 50,000 boxes. 
§ Estimated data. 
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Table 2-55 
MOROCCAN CITRUS EXPORTS BY COUNTRY OF DESTINATION, 
OCTOBER 1, 1962 TO JUNE 15, 1963 
(In Thousand Boxes) 

Country of _ _ __ Oranges —_ _ 

Destination Valencia Blood Midseason Navels Grapefruit Lemons 
Sate sede 1 ll 2 ade l 
Belgium 14 se 1 
Central Africa 43 90 ] 5 
East Germany eds see : 107 : 

Finland ae Soke cake 18 at 

France 2,058 598 345 1,374 79 79 

Netherlands 400 142 193 211 16 ad 

Norway 58 63 29 23 sae 2 

Poland uhae sess shee a 

Sweden 5 9 9 4 7 

Switzerland = eee ee 

United Kingdom 20 11 60 154 35 2 

U.S.S.R. 1,421 109 Zid Fee bg 

West Germany 453 265 ‘184 1,034 24 1 
Total Exports 4,472 1,198 831 3,018 155 90 


* Less than 500 boxes. 


Grapefruit is exported from November through 
March and most oranges and lemons from De- 
cember through May. 

Major citrus pests of Morocco are Cali- 
fornia red scale, the Mediterranean fruit fly, 
mealybug, red spider, mites (yellow tea, flat, bud, 
and two-spotted), and in some areas locusts. 

Past introduction of plant material has 
probably brought most common diseases to Mo- 
rocco. The principal diseases include psorosis, 
foot rot, Rio Grande gummosis, and stubborn 
disease. Xyloporosis and exocortis are also pres- 
ent. While tristeza has been identified on Meyer 
lemons, the disease appears to have no com- 
mercial significance as this is written. An un- 
known disease causes marbling and corky scars 
on affected fruit. 

Moroccan Marketing.—About 72 per cent 
of citrus production is exported fresh and the 
remainder used in the domestic market, 20 per 
cent as fresh fruit and 8 per cent in processing. 

Estimated Moroccan citrus ppiduction and 
exports for selected periods and crop years from 
1934-38 to 1964-65 are presented in table 2-54. 
Citrus exports by country of destination for 1962- 
63 are given in table 2-55. 

As exports have increased, Morocco has 
developed new markets outside of France. Until 
1949-50, France was the major export market. 
In 1961-62, only 44 per cent of Morocco exports 
were sent to France. 
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Exports are well regulated as to quality, 
and packing facilities are modern. Promotion of 
new markets is financed by a producer's contri- 
bution of 50 francs per metric ton of fruit. Large 
grower cooperatives pack and export huge quan- 
tities of Moroccan citrus. 

In 1960, Morocco had nine reasonably 
modern processing plants, utilizing fruit unsuit- 


Table 2-56 
MOROCCAN CITRUS JUICE EXPORTS BY 
COUNTRY OF DESTINATION; 
CROP YEARS, 1961-62 AND 1963-64° 
(In Metric Tons) 


Country of Destination 1961-62 1963-64 
Africa 176 279 
Belgium-Luxembourg 30 203 
Canada ms 495 
Denmark 2 ae 
Far East 8 2 
Finland 5 ee 
France 4,220 7,129 
Germany 529 460 
Italy Sie oe 
Netherlands 139 138 
Norway 3 19 
Spain ens 336 
Sweden 12 24 
United Kingdom 77 143 
United States ner 40 
Other Countries 17 65 
Total Juice Exports 5,218 9,333 


° Seasonal exports from July 1 to June 30. 
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Table 2-57 
COMPOSITION OF MOROCCAN ORANGE AND GRAPEFRUIT VARIETIES 


Juice 

Date Content 

Area of Test (Per Cent) 
Sidi Slimane Dec. 21 42.0 
' Feb. 13 40.0 
D’Ain Chaib (Souss) Nov. 15 32.5 
Dec. 15 43.6 
Jan. 15 42.3 
Sidi Slimane Jan. 21 43.0 
Feb. 2 41.0 
Sidi Slimane Mar. 21 45.0 
Apr. 23 46.0 
Marrakech Mar. 30 39.0 
Apr. 30 45.0 
D’Ain Chaib (Souss) Mar. 22 47.5 
Apr. 6 43.0 
Sidi Slimane Mar. 21 38.4 
Apr. 25 36.0 
Marrakech Jan. 18 38.0 
Mar. 31 37.5 
May 5 39.3 
D’Ain Chaib (Souss) Feb. 22 40.0 
Mar, 22 31.0 
Apr. 6 40.0 
May 11 40.0 
D’Ain Chaib (Souss) Feb. 22 42.0 
Mar. 23 43.0 
Apr. 6 44.0 
May 11 42.0 


Ascorbic 
Solids- Acid 
Acid Brix Acid (mgm per 
(Per Cent) (Degrees) Ratio 100 gm) 
Washington Navel 
1.8 13.0 7.2 ee 
1.5 14.0 9.3 ates 
1.6 9.8 6.1 68.5 
1.4 9.6 6.9 62.0 
1.3 10.0 7.7 54.1 
Hamlin 
2.3 13.1 5.7 70.0 
2.3 13.0 5.7 74.0 
Valencia 
2.3 12.1 5.3 45.7 
1.9 11.3 5.9 42.0 
1.8 12.8 7.1 58.0 
2.4 13.5 5.6 50.7 
1.5 9.9 6.6 Res 
1.1 10.2 9.3 59.0 
Marsh Seedless 
. 12.7 4.4 31.1 
2.8 12.2 4.4 32.0 
3.1 11.5 3.7 39.0 
2.8 11.8 4.2 37.1 
2.6 10.2 3.9 31.2 
2.7 9.0 3.3 36.4 
2.7 9.1 3.4 32.0 
2.6 9.1 3.5 35.7 
2.3 8.5 3.7 30.5 
Ruby Red 
2.7 10.5 3.9 34.1 
2.6 10.8 4.2 31.4 
2.5 10.3 4.1 33.1 
2.4 10.2 4.3 36.4 


Source: Huet, R. Composition chimique et maturation de quelques variétés de pomelos et oranges au cours de la cam- 
pagne d’agrumes du Maroc 1959-60. De Technologie du Fruid et de la Conserve, Aines Sebaa, Maroc. 


able for export. These plants had an estimated 
capacity of 15,000 metric tons of canned single- 
strength and chemically preserved juice per 
season. All canned orange juice is packed with 
sugar added. Processing has not been a successful 
market outlet in spite of Morocco’s favored access 
to the French market. In 1961, only three proc- 
essing plants are reported to have operated. 

Citrus juice exports from Morocco by 
county of destination for 1961-62 and 1963-64 
are given in table 2-56. While 5,000 metric tons 
of citrus juice were exported in 1961-62, Morocco 
imported 20 metric tons in the same season and 
Algeria was the major supplier. Exports were 
higher in the 1963-64 season because of world 
juice shortages. 

The processing characteristics of Moroccan 
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orange and grapefruit juices and differences in 
fruit quality among producing areas are indi- 
cated in table 2-57. 


Portugal 


Portugal was once a major source of citrus 
for European markets, particularly England, and 
its long-established commercial industry dates 
back to the sixteenth century or earlier. By 1875, 
Portugal was exporting over 1 million boxes of 
citrus annually. The Portuguese industry today 
is important only in terms of the domestic market, 
and exports have declined to about 1,000 boxes 
annually. 

There are probably about 35,000 acres of 
citrus on a solid-planting basis in Portugal. 
Plantings of trees in 1954 were estimated at 2.6 
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million sweet oranges, 380,000 mandarin types, 
300,000 lemons, 75,000 sour oranges, 27,000 cit- 
rons, and 24,000 grapefruit. 

Citrus production in 1961-62 was esti- 
mated at 4.1 million boxes (70-lb) of oranges, 
300,000 boxes (70-lb) of lemons, and 30,000 boxes 
(80-Ib) of grapefruit. 

Major citrus-producing regions are Riba- 
tejo, Braga, Oeste, Sotavento, Algarve, Baixo- 
Douro, Outra-Banda, Coimbra, Beja-Vidigaeira, 
Barlavento Algarvio, and Alto Douro. 

Coastal citrus-growing areas are mod- 
erately dry and interior valleys are somewhat 
humid. Rainfall is mostly distributed between 
October and March. Average annual rainfall is 
17.6 inches at Faro and 27.6 inches at Santarem. 
Mean maximum temperatures at Faro cre 59° F 
in January and 82° F in July, and mean mini- 
mums are 48° F and 63° F, respectively. Frost 
and wind hazards are low in most areas. 

In 1962, major commercial varieties in 
the Algarve district were reported to be the Baia 
(Washington navel), Setubalense, Jaffa, and Don 
Joao (Valencia) oranges; Setubal mandarin (the 
common Mediterranean variety); and Lunario 
lemons. 

Citrus of lesser importance included the 
Dalmau, Prata, Coroa de Rei, Vernia, Demi San- 
guine, Sanguinelli, and Verde Doce de Espana 
oranges; Clementine, Wilking, and satsuma 
mandarins; and Vulgar and Rotundo do Brasil 
lemons. 

Soils in citrus-growing areas range from 
medium to coarse. All Portuguese citrus is irri- 
gated. Citrus is raised in separate orchard plant- 
ings and in mixed plantings with other tree or 
vine crops. Some plantings are terraced. Major 
rootstocks are the sour and sweet orange. 

Portuguese citrus is consumed in the do- 
mestic market almost entirely as fresh fruit. 


Spain 


Spain is the world’s largest exporter of 
fresh citrus and is exceeded only by the United 
States in citrus production. Orange trees were 
first introduced by the Arabs into Andalusia in 
the ninth century, and spread from there into 
Murcia, Valencia, and Castile. Some land near 
Valencia now planted to citrus has been under 
irrigation for at least 1,500 years, and Spain has 
supplied western Europe with citrus since the 
seventeenth century. 

Citrus acreage in Spain has expanded 
rapidly since World War II, increasing from 
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200,000 acres in 1948 to an estimated 310,000 
acres in 1963. Further expansion appears indi- 
cated and unless frost or disease interrupts the 
trend plantings may reach 325,000 acres by 1975. 

Spain has been a major orange and lemon 
producer for well over 200 years, and despite 
complex production problems will probably con- 
tinue to be Europe’s major source of winter or- 
anges. In the 1922-23 season, Spain produced 
26 million boxes of oranges and nearly a million 
boxes of lemons. By 1929-30, Spanish production 
had grown to 45 million boxes of oranges and 1.6 
million boxes of lemons, only to decline during 
the civil war to 22 million boxes of oranges and 
1.5 million boxes of lemons in 1939-40. From 
1948 to 1964, production increased from 26 to 
59 million boxes of oranges and mandarins and 
from 1.2 to 4.7 million boxes of lemons. Spanish 
citrus projluction and fresh fruit exports from 
1948 to 1964 are presented in table 2-58. 

The future of Spanish citrus production 
will be determined by a race between increased 
plantings and as yet unsolved disease problems. 
Both disease and recurring frosts can be expected 
to have some restraining effect on increased pro- 
duction. 

Spain has a potential production of 75 mil- 
lion boxes of oranges and mandarins and 6 million 
boxes of lemons by 1975. Tristeza and other 
diseases and frost, however, could limit Spanish 
1975 production to 35 million boxes of oranges 
and mandarins and 2 million boxes of lemons. 
Even if production problems are mastered, grape- 
fruit expansion will probably be gradual, and 
crops will remain at less than a quarter of a 
million boxes for some time. 

Distribution and Climatic Conditions.— 
Spanish citrus plantings are centered in three 
areas, with the greater part of production along 
the Mediterranean coast (fig. 2-26). Major sweet 
orange plantings are in the provinces of Valen- 
cia and Castellén de la Plana; most lemons are 
grown in the provinces of Murcia and Alicante; 
and the major sour orange district is the province 
of Seville. Some citrus is grown also in the prov- 
inces of Almeria, Malaga, Cordoba, and else- 
where. 

Orange, mandarin, and lemon acreage by 
provinces for 1957 and 1961 is given in table 2-59. 
In addition to acreage shown, the 1961 plantings 
included about 600 acres of grapefruit in the 
provinces of Valencia, Alicante, and Murcia, and 
about 100 acres of limes near Malaga. In 1961, 
25 per cent of the orange, 57 per cent of the 
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mandarin, and 24 per cent of the lemon plantings 
were not of full-bearing age. 

Rainfall in Spanish citrus-growing areas is 
distributed mostly from September to April. 
eee annual rainfall in selected provinces is 
as follows: Valencia, 15 inches; Alicante, 12 
inches; Almeria, 8.6 inches; Malaga, 17.6 inches; 
and Seville, 23 inches. Out-of-season rainfall is 
not unusual in some districts, and summer thun- 
dershowers are occasionally heavy. 

Mean maximum temperatures in the prov- 
ince of Valencia are 58° F in January and 83° F 
in July; mean minimums are 41° F and 68° F, 
respectively. Mean maximum temperatures in the 
summer are slightly higher in the citrus-growing 
provinces south of Valencia, reaching a mean 
maximum of 96° F in July in Seville Province. 

Spanish climatic hazards include frost, hail, 
and winds, which may damage crops in all areas. 
Spain has the greatest frost hazard of any major 
citrus area of the world, and frost will continue 
to limit its potential for expanded production. 

In the past forty years, Spain has had five 
severe, tree-damaging freezes and five more mod- 
erate frosts that significantly reduced the harvest 
of export fruit. Tree damage and fruit loss oc- 
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Fig. 2-26. Citrus areas of Spain. 
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Table 2-59 


SPANISH ORANGE, MANDARIN, AND LEMON 
PLANTINGS BY PROVINCE FOR 1957 AND 1961 
(In Thousand Acres) 


Oranges Mandarins Lemons 
Province 1957 1961 1957 1961 #1957 1961 
‘inne = #26 17 <)- s, 2. o& 
Almeria 9 10 tom, | teks coca, “zee 
Castellén de la 
Plana 49 50 9 ll 
Cérdoba 1 1 Ro le Ae 
Malaga 4 4 ee 3 3 
Murcia 13 16 ogee 2 8 16 
Seville ll 12 ee a 
Valencia 107 =127 10 +16 l 2 
Others 8 6 “ak - Es 
Total Plantings 218 243 20 830 14 24 


curred in 1926-27, 1934-35, 1945-46, 1954, and 
1956. The quantity of fruit available for export 
was reduced by frosts in 1925-26, 1930-31, 1940- 
41, 1942-43, and 1962-63. Longest period between 
frosts was the decade of 1934-35 to 1945-46. 
Varieties.—Spain produces excellent qual- 
ity, well-colored table oranges, based largely on 
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seedless or nearly seedless varieties. In 1963, the 
most important early season commercial varieties 
of oranges were as follows: the Comuna, a seedy 
group; the seedless Cadenera; the seedless Wash- 
ington navel; and the seedy Vicieda. Most im- 
portant midseason orange varieties were the 
Entrefina, a round blood, and the Doblefina 
or “Blood Oval.” The major late season variety 
was the Berna (Verna). Orange varieties of grow- 
ing commercial importance were the excellent 
quality Salustiana, a seedless variety that ma- 
tures earlier than the Washington navel; the 
midseason Sanguinelli, an Italian blood; and 
the late season Valencia. 

The most important lemon variety was the 
late season, large-fruited Berna (Verna), ae 
primarily in Murcia province. Other major lemon 
varieties were the Primofiori, an early Italian 
type grown at Murcia; and the early Real, a 
large, seedy variety grown in Malaga province. 
The most important variety of grapefruit was the 
Marsh Seedless. | 

In 1961-62, the Spanish Fruit Syndicate 
issued the following percentage comparison of 
acreage and production for the major orange 
varieties: 


Percentage of Percentage of 


Orange Variety Acreage Production 
Washington navel 30 25 
Cadenera and Salustiana 16 ll 
Comuna 16 13 
Doblefina, etc. (bloods) 27 39 
Berna and Valencia 11 12 


Nearly all Spanish citrus is grown on sour 
orange rootstock, and most plantings of oranges 
and mandarins are susceptible to tristeza virus. 
When new rootstock material imported by the 
Spanish government is made available, plantings 
will be made with Troyer citrange, sweet orange, 
Cleopatra mandarin, and trifoliate orange. 

In 1960, the highest yield of Spanish 
orange groves was estimated at nearly 800 boxes 
(70-Ib) per acre, with the average yield probably 
between 250 and 500 boxes. Blood varieties tend 
to have a higher yield than navels. 

Lemon yields were estimated as ranging 
from 150 to over 400 boxes (70-lb) per acre; av- 
erage yields were between 250 and 350 boxes. 
The lower yields of lemons were partly due to 
mixed plantings in Murcia province. 

Cultural Practices.—Spanish citrus soils 
vary from sandy, light loams to heavy, brown 
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loams, and have a pH value between 6 and 8. 
Most heavy soils are near the Mediterranean 
coast or on low ground; lighter soils are inland 
at higher elevations. 

Spain’s citrus industry is only partly a 
money economy. Employees of citrus growers 
look upon the right to raise ss at or forage 
crops in designated areas (usually between trees) 
as a privilege of their employment. Such crops 
are divided among employees and represent part 
of their income. Because it is the principal fuel, 
wood for cooking and heating is a valuable com- 
modity in Spain. Bundles of citrus tree prunings 
are therefore taken home by employees for fire- 
wood and forage. 

While higher wages and increased use of 
mechanical cultural implements may tend to 
change this partial payment of wages in produce, 
the shift to a full money economy is likely to 
be slow. 

Nearly all groves in the sweet orange dis- 
tricts from Castellon to Gandia are solid plant- 
ings: about 125 to 150 orange trees per acre and 
100 lemon trees per acre. All groves are irrigated, 
mostly by gravity water using the flood-basin 
system. Open concrete ditches are used for water 
distribution, and groves are irrigated from five 
to seven times a year. Irrigation is performed by 
grove owners or permanent employees, and there 
is a tendency to use an abundance of water. 

Work on most groves begins with deep 
digging in the spring, using a mattock-like tool 
that turns over about six inches of soil. Up to 
ten days may be required to turn over an acre. 
Cultivation during the rest of the year is usually 
by horse-drawn light tools, supplemented a 
hand hoeing. Small tractors are becoming avail- 
able, and will probably be used increasingly if 
labor costs rise. 

Hand cultivation suits the small Spanish 
land units, and permits close planting and maxi- 
mum land use. An old grove may be cultivated 
only twice a year, while young groves may un- 
dergo six to seven cultivations. 

Until young groves reach bearing age, 
they are usually interplanted with other crops; 
these are generally vegetable or forage, although 
pears, peaches, and apricots are sometimes grown. 
The interplanted annual crops may be raised for 
cash, as forage for farm animals, or as employee 
gardens. 

Both orange and lemon trees are pruned 
heavily, and the center of the tree is cut out to 
keep the plant small. Usually, pruning is an 
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annual practice, and there is now a tendency 
to remove less wood than in the past. 

Applications of mixed chemical fertilizers 
are standard and average about 1,000 pounds per 
acre annually. Nitrogen, such as sulphate of 
ammonia, is normally applied twice a year: in 
February and as late in the fall as November. 
Some growers also apply superphosphate. In ad- 
dition to chemical fertilizers, manure is used in 
most groves. Even where trees are planted as 
densely as 150 to the acre, the annual nitrogen 
fertilizer application may be as great as two 
pounds per tree. 

Pests and Diseases.—The Mediterranean 
fruit fly attacks oranges, mandarins, and grape- 
fruit in all Spanish citrus districts. Other major 
citrus pests are dictyospermum scale, purple scale, 
black scale, Glover scale, cottony-cushion scale, 
and citrus mealybug. 

The practice of top-working has spread 
psorosis virus to many Spanish citrus varieties. 
Tristeza virus has recently been identified and 
appears to be slowly spreading. In 1963, it was 
estimated that as many as 2,000 acres of oranges 
near Alcira may have been infected. Other virus 
diseases, such as exocortis and xyloporosis, have 
probably been introduced to Spain. 

The most prevalent citrus disease is Phy- 
tophthora fungus foot rot. In the Valencia area, 
earth basins around the tree trunk are used to 
keep irrigation water away from the lower trunk 
and thus reduce foot rot. 

Although oil sprays are now the major 
means of pest control, some Spanish growers still 
fumigate. Where fumigation is performed, a two- 
year scale control may be obtained, generally 
with some oe estore spraying. While the 
primary aim of Spanish pest control is to combat 
citrus scales, increasing interest has been shown 
in controlling the Mediterranean fruit fly with 
toxic baits. 

The prevalence of tristeza, foot rot, and 
virus-infected scions, and the recent introduc- 
tion of untried rootstocks that may create new 
disease problems, seem to indicate a long-range, 
serious disease problem in Spain, which may 
retard projected production for the next twenty 
years. 

Spanish Marketing.—Although Spain is the 
world’s largest exporter of fresh citrus, the citrus 
crop is marketed almost entirely through private 

e. A few cooperatives exist, but they handle 
only a minor part of the total crop. Nor does 
there seem to be a tendency toward a more 
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general use of cooperative marketing. 

Spanish fruit is purchased from the grower 
on the tree, one variety at a time. Selling the 
crop pits the grower against the fruit dealer, and 
buyers representing exporters compete with buy- 
ers from juice plants. 

Most fruit is purchased in the harvest sea- 
son only a short time before picking, although 
there is some advanced buying each year. Some 
of the navel oranges and mandarins are pur- 
chased by exporters in August and September for 
harvest before Christmas and the period of great- 
est frost hazard. 

The Spanish orange season is comparable 
to that of Florida: fruit is exported in volume 
from November through May with heaviest ship- 
ments from December through March. Orange 
exports at the peak of the season can reach 5 mil- 
lion boxes a month. 

Heaviest mandarin exports are in Novem- 
ber and December, since they are exported to 
supply Europe’s Christmas markets. Some man- 
darins are exported in January, but trade is prac- 
tically ended by February. 

Lemons are exported throughout the year, 
but about half of the crop is shipped in five sum- 
mer months, April through August. This seasonal 
pattern fluctuates in accordance with Spanish 


Table 2-60 


MONTHLY CITRUS EXPORTS OF SPAIN FOR 
THE 1960-61 CROP YEAR® 
(In Thousand Boxes) 





Grape- 
Month Oranges Mandarins Lemons fruit 
November _ 1,722 740 39 13 
December 4,754 823 90 8 
January 4,110 166 87 2 
Febru 4,395 ll 68 2 
March 3,981 ar 86 aost 
April 3,998 oe 86 ee : 
May 2,730 ef 187 
June 202 130 
July aot ais 70 
August at _ 25 
September ab eet 41 sas 
October 6 107 43 20 
Totalf 25,898 1,847 952 45 


* Estimated for boxes of the following weights: oranges 
and mandarins, 70-lb; lemons, 76-Ib; grapefruit, 80- 
lb. 

t Less than 500 boxes. 

t Totals of these preliminary monthly data are not ex- 
actly comparable with total season exports, which are 
subject to revision. 
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supplies and competition in European markets. 
The largest volume of trade is likely to continue 
to be in summer. As in Italy, the summer Verna 
lemon crop is mostly from a late bloom, although 
some summer lemons are tree-stored fruit. 

Most Spanish grapefruit exports are made 
early in the season from October through Decem- 
ber, the heaviest volume occurring in November, 
when the European market is usually undersup- 
plied. Spanish grapefruit does not attain prime 
eating quality until after the export season. 

Monthly orange, mandarin, lemon, and 
grapefruit exports of Spain for 1960-61 are given 
in table 2-60. 

All Spanish citrus is clip-picked and car- 
ried in baskets to roadsides or in-grove roads for 
hauling by truck or cart to the packinghouses. 

Packinghouses are well equipped with 
machinery of Spanish manufacture. Export or- 
anges are washed, waxed, graded, sized and 
packed in wooden, two-compartment boxes hold- 
ing 65 to 75 pounds of fruit. Lemons are washed 
but not waxed. Both oranges and lemons are 
wrapped. While the two-compartment box is the 
major container, half-box paper cartons and wire- 
bound and nailed half boxes are also used. Use 
of the 35- and 37-pound half-box cartons is preva- 
lent in packing lemons. 

In the case of bulk exports, which com- 
‘ati about 25 per cent of the export market, the 

it is washed, graded, sized, and wrapped as 
for the export pack. 

Fresh Fruit Exports.——The Spanish gov- 
ernment exercises absolute control over citrus 
exports, and export regulations are comprehen- 
sive as to definition and control. In times of stress, 
such as after a freeze, the government has suc- 
cumbed to practical exigencies of the trade, 
however. 

Export regulations are established each 
year and announced in November by the Spanish 
Fruit Syndicate. The regulations cover varieties, 
maturities, and specifications for grades of fruit. 
They also outline the sizes of fruit and containers, 
specify the maximum depth of fruit shipped in 
bulk, and establish acceptable sales methods and 
the maximum time fruit may be in transit from 
Spain to its export market. All export sales must 
be made on a firm basis, except in countries 
where public auctions are held. All foreign ex- 
change earned from citrus exports must be depos- 
ited with the Spanish monetary authorities. 

The Spanish Fruit Syndicate also keeps 
the country’s citrus industry well informed by 
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collecting and publishing information on other 
citrus-producing countries, crop estimate statis- 
tics for Spain, and weekly data on export trade. 

The Spanish Export Control Service 
(SOIVRE) maintains inspectors in the country’s 
major ports and in London, Liverpool, Hamburg, 
Bremen, Rotterdam, Gothenberg, and Oslo. These 
inspectors enforce Spanish export regulations, 
check on the quality of fruit on arrival, handle all 
quality complaints, and inform their home office 
on problems arising in the receiving markets. 

The Spanish exporter is a speculator with 
his income dependent upon market prices. Even 
the largest exporters produce less than 10 per 
cent of the fruit they sell. When export prices 
decline, Spanish exporters may suffer losses, hav- 
ing purchased fruit in anticipation of sales at 
higher prices. In 1956, when purchased, unpicked 
fruit was destroyed by frost, many exporters lost 
heavily. When export prices are high, Spanish 
exporters profit ceguanet eh 

One family usually holds controlling in- 
terest in most Spanish export firms. European 
importers own a few firms, however, and there 
are some corporations with wide ownership. 
Many export firms have been in existence for 
a half century or longer. 

Spanish citrus exports have increased 
greatly in a little over a decade from nearly 13 
million boxes in 1948 to over 40 million boxes 
in 1963 (table 2-58, p. 124). Oranges comprise 
the largest part of export volume, and may be 
expected to increase unless tristeza and other 
diseases or frost interrupt this trend. Considering 
the competition Spain may meet in the European 
market from expanding winter orange produc- 
tion in other Mediterranean areas, it is possible 
marketing difficulties may be experienced when 
orange export volume exceeds 35 million boxes 
annually. 

There has been a dramatic shift in eH 
citrus export customers in recent years—evidence 
of western Europe’s economic recovery and 
changes in Spanish export policy. In the 1948-49 
season, France was Spain's best orange customer, 
receiving 3.9 million boxes. The United Kingdom 
was a close second with 3.4 million boxes, and 
Belgium was third, importing over 1 million 
boxes. During that season, five of the countries 
that now make up the European Economic Com- 
munity imported slightly more than half of total 
Spanish orange exports or 6.4 million boxes. 
Other countries of western Europe imported 5.3 
million boxes of oranges from Spain. 
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Two-thirds of Spanish orange exports in 
recent years have been made to countries of the 
European Economic Community (table 2-61). 
West Germany is the biggest customer, followed in 
order of importance by France, the Netherlands, 
the United Kingdom, and Belgium. 

Spain will undoubtedly make every effort 
to maintain its position in these markets, and 
may be expected to seek special citrus trading 
arrangements with or even become a member 
of the European Economic Community. 

Domestic Consumption.—Spain’s growing 
domestic market may eventually compete with 
the export market for the country’s citrus sup- 
plies. Spain’s population in 1956 was estimated 
at 30.5 million people, an increase of 2.5 million 
since 1950. Spain’s national income increased 
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from 138 billion pesetas in 1950 to nearly 400 
billion pesetas in 1957. An increased population, 
higher incomes, and improved methods of trans- 
porting citrus to market have all stimulated 
domestic consumption of citrus. 

In the 1947-48 season, Spain’s domestic 
use of citrus for fresh fruit and processing was 
estimated at about 8 million boxes. Domestic 
consumption had nearly doubled by 1958-59 
with almost 15 million boxes of citrus used for 
fresh fruit and products. 

Fresh fruit consumption in 1958-59 was 
estimated as 10 million boxes of oranges, 2 mil- 
Jion boxes of mandarins, 0.5 million boxes af 
lemons, and less than 50,000 boxes of grapefruit. 
The consumption level was at an average per 
capita rate of 22 pounds of oranges, 5 pounds of 


Table 2-61 


SPANISH CITRUS EXPORTS BY COUNTRY QF DESTINATION FROM NOVEMBER 1 TO OCTOBER 31 
IN 1958 AND 1961° 
(In Thousand Boxes) 








Oranges 
Country of Destination 1958 1961 
European Economic Community: 
Belgium-Luxembourg 1,545 2,772 
France 4,012} 5,707 
Netherlands 2,195 3,489 
West Germany 7,863 13,263 
Total 15,615 25,231 
Other European Countries: 
Austria 670 286 
Czechoslovakia 301 104 
Denmark 283 540 
East Germany =< 233 
Finland 100 127 
Hungary 43 acts 
Iceland 5 8 
Ireland 48 129 
Norway 505 818 
Poland 156 79 
Sweden 804 1,411 
Switzerland 873 921 
United Kingdom 1,599 3,988 
Yugoslavia 58 86 
Other Countries 8 64 
Total 5,458 8,794 
Other Countries: 
Canada 8 4 
U.S.S.R. 642 Site 
Other 13 80 
Total 663 84 
Total Exports 27,731 34,109 





t All Germany. 
t Included in West Germany. 
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Mandarins _ ____ Lemons Grapefruit _ 
1958 1961 1958 1961 1958 1961 
143 298 - ses 6 _ 4 
215t 443 407} 420 wf 5 

4] 144 es 7 l 3 
130 979 73 453 13 20 
529 1,864 480 886 14 32 

16 23 2 2 l 2 
“ae — 92 96 a — 

_ 5 a l l 

cnet a a 152 ae 

a 7 5 ie 

2 3 8 ke 

fast 362 139 

28 108 _ l 

43 232 108 30 l 6 
260 500 13 15 16 20 
349 878 687 463 18 29 

292 

an 7 293 ss fe tae 

878 2,742 1,460 1,349 “32 61 





* Estimated for boxes of the following weights: oranges, 70-Ib; lemons, 76-Ib: grapefruit, 80-lb. 
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tangerines, under 2 pounds of lemons, and less 
than a quarter of a pound of grapefruit. 

ocessing.—In 1959-60, Spain’s process- 
ing industry consisted of about forty plants, and 
processors used about 2 million boxes of citrus, 
mostly sweet oranges. Processing of other citrus 
varieties is minor; about 100,000 boxes each of 
sour oranges, tangerines, and lemons. Little grape- 
fruit is processed. 

Spain's total processing capacity in 1965 
was estimated at 2,500 to 3,500 tons of fruit daily 
and 250,000 to 350,000 tons of fruit annually. 

Processing is a major industry in Spain's 
sweet orange-producing area. About thirty plants 
are established between Castellén in the north 
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and Gandia in the south, almost half of these 
located near the city of Valencia. 

One modern juice plant and several small 
plants whose primary products are essential oil 
are located at Murcia, center of lemon produc- 
tion. Another processing center is Seville, which 
concentrates mainly on such ancient citrus prod- 
ucts as neroli, otange-flower water, petit grain, 
and bitter orange pulp. 

Spain’s major citrus byproducts include: 
concentrated orange juice preserved with sulfur 
dioxide, frozen orange juice concentrate (mostly 
for industrial use), single-strength orange juice 
preserved with sulfur dioxide, neroli, orange- 
flower water, petit grain, essential oils of lemon, 


Table 2-62 
JUICE CHARACTERISTICS OF SPANISH CITRUS FRUITS 


Characteristics of Juice 


Mean Ascorbic 
Weight per Juice Citric Acid 
Class of Citrus Month Fruit Content Brix Acidt Solids-Acid (mgm per 
and Variety® Sampled¢+ (Grams) (Per Cent) (Degrees) (Per Cent) Ratio 100 ml) 
Oranges: 
Hamlin Dec. 132 46.3 12.3 0.98 12.6 62 
Cadenera Dec. 169 58.9 11.6 1.28 9.1 70 
Washington navel Dec. 251 58.2 11.8 1.18 10.0 59 
Comuna Jan. 165 56.4 12.4 1.48 8.4 714 
Doblefina§ Jan. 138 53.4 11.8 1.36 8.7 63 
Entrefina$ Jan. 145 51.9 11.6 1.47 7.9 66 
Murtera Feb. 152 52.3 11.4 1.26 9.1 60 
Eetre Feb. 135 46.2 14.5 1.38 10.5 70 
Lue Gim Gong Mar. 96 48.1 11.9 1.84 6.5 81 
Berna Apr. 131 54.6 12.6 0.99 12.7 67 
Valencia Late Apr. 136 52.4 14.3 1.93 7.4 72 
Mandarins: 
Satsuma Oct. 86 60.8 10.2 1.19 8.6 37 
Clementine Nov. 71 61.0 11.5 1.00 11.5 58 
Comin Nov. 84 58.7 11.8 1.23 9.6 39 
Grapefruit: 
Marsh Seedless Dec. 333 53.3 11.6 2.27 5.1 70 
Duncan Dec. 368 49.2 11.4 2.21 5.2 54 
Lemons: 
Mesero Dec. 97 49.4 11.2 6.25 1.8 82 
Berna Apr. 142 45.7 9.0 5.12 1.8 69 


Source: Gonzalez-Sicilia, E. 1951. Caracteristicas de los frutos de algunas variedades de agrios. Bol. Inst. Nat. Invest. 


Agron. 11:135-209. 


* Data for the varieties Hamlin, Pineapple, Valencia Late, Lue Gim Gong, Marsh Seedless, and Duncan represent 
the analyses of single samples obtained from the Eastern Citrus Station, Burjasot, Valencia, Spain. Values presented 
for the remaining varieties represent the mean of ten samples obtained from ten representative orchards in the prov- 
inces of Valencia, Murcia, aad Castellén, mostly during the 1948 and 1949 seasons. 

t Month in which all or most of the samples were harvested for analysis. 

} These values calculated from the specific gravity and grams of hydrous citric acid per liter values given in the orig- 
inal data to conform to the standard method of reporting used herein. 

§ Blood varieties. 
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orange, and mandarin, orange peel in brine, 
citrus pulp (mostly sour orange), and dehydrated 
peel for pectin and cattle feed. Less important 
citrus products are: canned hot-pack single- 
strength orange juice and orange juice concen- 
trate, canned, chilled single-strength orange juice, 
and citric acid. 

In 1958-59, Spain produced 760,000 gal- 
lons of single-strength juice and over 700,000 
gallons of concentrated juice, nearly all of it 
preserved orange juice. Total production of es- 
sential oils was 551,000 pounds, peels in brine 6.6 
million pounds, and dehydrated peel and pulp 
about 1 million pounds. 

Traditional aromatic products are likely 
to continue at about the same production level 
in the future. Increased competition in European 
markets will probably cause changes in the types 
of juice produced. Production of chilled and 
frozen juices and canned hot-pack concentrate 
will probably increase. Single-strength and con- 
centrated juices preserved with sulfur dioxide 
will undoubtedly decline in importance. 

Spanish oranges are highly colored, rather 
acid fruit, and have processing characteristics 
similar to California oranges (table 2-62). Juice 
yields are usually below 50 per cent by weight, 
and the yield of essential oil ranges from 2 to 6 
pounds per short ton of fruit. The acidity of most 
varieties averages about 1.25 per cent at harvest. 

In contrast to the fresh fruit trade, most 
of Spain's citrus product exports are to countries 
outside the European Economic Community. In 
1959, only about one-fifth of juice exports to 
Europe were to Common Market countries; over 
half of juice exports went to the United Kingdom 
and Scandinavia was the next most important 
customer. Spain is a major source of preserved 
juice for England’s citrus “squash” drinks. Orange 
and lemon juice exports by country of destina- 
tion for 1961 are presented in table 2-63. 

Spain exported over 700,000 pounds of 
citric acid in 1959. Half of this production went 
to Germany, and other customers in order of im- 
portance were Poland, Brazil, and African mar- 
kets. The largest purchaser of Spain’s essential 
oils is the United States, which buys 500,000 to 
750,000 pounds each year. The United Kingdom, 
France, and Germany each purchase from 100,000 
to 400,000 pounds annually. Latin America and 
Puerto Rico are also good customers. 

Spain both exports and imports some es- 
sential oils. In 1958, imports of essential oil for 
perfumes totaled over 175,000 pounds; Switzer- 
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Table 2-63 


SPANISH ORANGE AND LEMON JUICE EXPORTS 
BY COUNTRY OF DESTINATION IN 1961 


(In Thousand Gallons) 
Orange and Lemon Juice 

Country of Destination Single-Strength Concentrated 
Austria 3 
Africa ate 30 
Belgium-Luxembourg 11 3 
Czechoslovakia ice 64 
Denmark 7 85 
Finland Base 2 
Netherlands 11 2 
Norway = 42 
Sweden 19 59 
Switzerland ica 29 
United Kingdom 820 105 
West Germany 23 55 
Other Countries _3 2 

Total Exports 894 481 


* Less than 500 gallons. 


land and France were the biggest suppliers. 
During the same year, imports of essential oil 
for other uses totaled over 100,000 pounds. Nearly 
half of these imports came from Mexico and 
France, and China and the Netherlands supplied 
most of the balance. Some imports for perfumes 
include terpene residue from the concentration 
of citrus oils. 

The Spanish processor faces many problems, 
including the reshaping or manufacture of cans 
and the maintenance of standby electric facilities. 
Few processors operate at capacity because of a 
shortage of fruit supply. Processing will continue 
to be a salvage operation with abundant supplies 
only when there is a fresh fruit market distress 
or frost damage to crops. | 
Syria 

Citrus plantings in Syria are primarily 
along the Mediterranean coast. Total estimated 
plantings of Syria in 1959 were about 2,400 acres. 
In 1962, there were an estimated 600 acres of 
oranges, lemons, and mandarins planted in the 
Latakia area. 

Syria hopes to increase citrus plantings to 
15,000 acres by 1970 when new areas are brought 
under irrigation by completion of a reclamation 
project. Citrus production in 1962 was estimated 
at about 200,000 boxes of oranges, 40,000 boxes 
of lemons, and 30,000 boxes of tangerines. 

Syria imports about 1.5 million boxes of citrus 
each year, mostly from Lebanon and Turkey. 
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The growth of imports in recent years indicates 
that production is not likely to be able to meet 
domestic needs in the next decade. 

The Syrian climate is subtropical Medi- 
terranean. Rainfall varies from 35 inches annually 
along the coast to 4 inches in the desert, and 
falls mostly between November and April. Tem- 
peratures average about 75° F in summer and 
46° F in winter. 

Major citrus pests in order of importance 
include: California red scale, Mediterranean fruit 
fly, citrus mealybug, Florida wax scale, citrus rust 
mite, Florida red scale, black citrus aphid, and 
cottony-cushion scale. 


Tunisia 


While there is some citrus production in 
desert oases in the extreme south of Tunisia and 
in sheltered districts throughout the country, the 
primary citrus producing areas are on the se 
Bon peninsula near Soliman, Menzel Bou Zelfa, 
Grombalia, and Beni Khaled (fig. 2-14, p. 91). 
Other major citrus plantings are on the southern 
side of Cape Bon near Hammamet, Nabeul, and 
Beni Kriar, and adjacent to the city of Tunis. 

Tunisia reported 2 million citrus trees in 
1959, mostly of bearing age. The planted area 
in 1961 was estimated at 12,000 acres, including 
7,500 acres of oranges, 1,500 acres of mandarins, 
500 acres of sour oranges, and 500 acres of other 
citrus. Planting density was reported to be over 
150 trees acre, an average of the dense 
Tunisian hand-cultivated “garden” plantings and 
groves more widely spaced for mechanical tillage. 

Citrus culture is long established in Tuni- 
sia, but has only recently developed as a size- 
able commercial industry. From 1921-22 to 
1941-42, orange production increased from 48,000 
to 359,000 boxes and lemon production from 
32,000 to 87,000 boxes. The growth of citrus pro- 
duction has been even greater in recent years. 
From 1950-51 to 1960-61, orange production rose 
from slightly over 1 million boxes to 2 million 
boxes and lemon production increased from 
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203,000 boxes to 0.5 million boxes. Limited water 
supplies and areas suitable to citrus expansion 
may be expected to restrict future growth. 

The Tunisian climate is arid with low 
humidity and wide extremes in temperature. 
Maximums at Tunis of 122° F have been re- 
corded. Rainfall occurs in winter from September 
to March and averages 8 to 10 inches annually. 
Climatic hazards include drought, heat, desert 
wind storms, and frost. In the colder winters, 
snow has been reported in Tunis. 

Irrigation water is limited and pumped 
from depths of around 120 feet. During periods 
of drought, wells sometimes go dry. Salinity is 
a continuing problem. Tunisian soils are light 
textured. Some citrus is planted in fine sand, and 
in such groves cover crops are grown to prevent 
wind erosion. 

Native groves, consisting mostly of seed- 
lings, are densely planted—200 to 400 trees to 
an acre—to protect against wind damage. They 
are small, irrigated, hand-cultivated groves. Trees 
are heavily ase and the ground is shaded by 
the interlocking tree limbs. The native citrus 
groves are a rich source of genetic variants, in- 
cluding many types of lemons (some with red 
pigment) and many strains of canes and 
normal-colored oranges, some with a navel char- 
acteristic. 

Mechanical tillage is employed in groves 
planted by Europeans. Citrus trees in these 
groves are propagated clones mostly on sour 
orange stock, and are irrigated, fertilized, and 
treated to control pests and diseases. Most Euro- 
pean groves are surrounded by cypress or cactus 
windbreaks, and many have lateral windbreaks 
every six to eight rows. Plantings consist of 80 
to 90 trees per acre. 

The major orange varieties in commercial 
groves are the Portuguese semi-blood, the Mal- 
tese, and the Spanish Cadenera. 

The hot, dry climate of Tunisia produces 
high quality citrus. Maltese oranges yield 100 to 
200 boxes (70-lb) per acre, the lowest yield in 


Table 2-64 
CANNED TUNISIAN CITRUS JUICE CHARACTERISTICS 


Brix Citric Acid 
Class of Citrus (Degrees) (Per Cent) 
Oranges 14.5 1.26 
Lemons 9.9 5.40 
Grapefruit 11.0 1.80 


ee 


Pulp Ascorbic Acid Solids- 
(Per Cent) (mgm per 100 ml) Acid Ratio 
8 38 11.5 
10 43 1.8 
7 33 6.7 
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North Africa. Average yields of lemon groves 
range from 75 to 100 boxes (70-lb) per acre. 
Major pests are California red scale and 
the Mediterranean fruit fly. Other pests are black 
and purple scale. Apparently little virus disease 


occurs in native seedling groves. Some psorosis 
may be present in vegetatively Propagat plant- 
ings. Both Phytophthera and Armillaria fungi 


occur in Tunisian groves, and the latter is a 
problem in cypress windbreaks. 

Most Tunisian citrus is utilized as fresh 
fruit and about half of production is exported. 
In 1960-61, exports included about 900,000 boxes 
of oranges, 150,000 boxes of Clementines, 150,000 
boxes of other mandarins, 100,000 boxes of lem- 
ons, and 10,000 boxes of other citrus varieties. 
The quality of Tunisian grapefruit is outstanding 
in North Africa. 

In 1956, France received 98 per cent of 
Tunisian citrus exports. Since that time, Tunisian 
efforts have expanded sales to non-French mar- 
kets through trade promotion and export sub- 
sidies. In 1960-61, exports to France accounted 
for about 87 per cent of Tunisian citrus shipments, 
West Germany and the U.S.S.R. receiving most 
of the balance. 

Processing facilities in the city of Tunis 
include one plant equipped to produce canned 
single-strength juice and industrial products. Data 
obtained in sample analyses of canned Tunisian 
citrus juices are presented in table 2-64. Tunisia 
has a small processing industry that produces 
orange flower oil (neroli), and orange leaf oil 
(petit grain). 

Turkey 


The citrus industry of Turkey is becom- 
ing modernized and increasingly important in 
world trade, although it may be some time before 
a disciplined export system is achieved resulting 
in any large quantity of citrus supplies for the 
international market. 

In 1964, Turkish citrus plantings probably 
totalled about 92,500 acres, including 65,000 acres 
of oranges, 16,000 acres of mandarins, 11,000 
acres of lemons, and 500 acres of grapefruit. Be- 
tween 1951 and 1961, the Turkish citrus industry 
was greatly expanded: orange plantings increased 
from 3.9 to 5.8 million trees, lemons from 450,000 
to 860,000 trees, and mandarins from 68,000 to 
1.5 million trees. By 1970, new plantings may 
result in a total of about 111,000 acres of citrus. 

Estimates of the 1964-65 crop varied, but 
it probably consisted of about 10 million boxes of 
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oranges and mandarins, 1.5 million boxes of lem- 
ons, and 90,000 boxes of grapefruit. Considerable 
quantities of citrus may not have been of export 
quality or available for export. As new plantings 
come into bearing, total Turkish citrus produc- 
tion could reach 15 million boxes in 1970 and 
20 million boxes in 1980 as compared with over 11 
million boxes in 1965 and only 1.6 million boxes 
in 1948. 

Distribution and Climatic Conditions.— 
Turkish citrus production is fragmented into many 
widely separated coastal producing areas (fig. 
2-27). Over 90 per cent of production is obtained 
from the Mediterranean Sea coastal areas. Pro- 
ducing areas along the Aegean Sea and Black Sea 
make up most of the balance. The Mersin-Adana 
district is the most concentrated area of aad 

Nearly all orange production is in the 
Mediterranean provinces of Icel (the Mersin 
area), Hatay (Iskenderun), Adana, and Antalya. 
Lemon production is centered in the Icel and 
Antalya provinces. Although dispersion of pro- 
duction may have some advantage in domestic 
marketing, it is a handicap to the development of 
fresh fruit exports and processing. 

The Mediterranean citrus districts have a 
harsh climate with hot, summers. Citrus 
areas on the Black Sea at Ordu, Giresun, and 
Rize have cool, wet climates. 

Along the Mediterranean nearly all rain 
falls in the six-month period from November to 
May. Annual rainfall averages about 23 inches 
at Mersin, 30 inches at Iskenderun, and 40 inches 
at Antalya. Mean maximum temperatures at 
Antalya range from 59° F in January to 93° F — 
in July, and mean minimum temperatures range 
from 43° F to 73° F, respectively. Summer tem- 
peratures of over 100° F are common in the 
Mediterranean and Aegean coastal districts. All 
coastal areas are subject to some frost damage. 
In the humid Black Sea area near Rize, average 
annual rainfall is 96 inches distributed through 
every month of the year. Mean maximum tem- 
peratures range from 51° F in January to 77° F 
in July, and mean minimums range from 39° F 
to 67° F, respectively. The Black Sea areas and 
the Izmir district along the Aegean Sea are sub- 
ject to serious frost damage. 

Varieties and Cultural Practices.—Com- 
mercial sweet oranges include the Shamouti, 
grown mainly in the Mersin area and the major 
export variety; the Washington navel, which has 
increasing production in the Adana region; and 
such local non-blood varieties as the Trablus, 
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Fig. 2-27. Citrus areas of Turkey. 


Alanya, and Finike. Lemon varieties include the 
Italian Interdonato and local Turkish varieties 
such as the Lamas, Yedi Veren, and Molla Meh- 
met. Turkish export lemons are similar to those 
of California in appearance. Mandarins grown 
include the Clementine, Willowleaf, and satsu- 
mas. Some Marsh Seedless grapefruit is grown 
also. 

Turkish groves are small (two to three 
acres) and algscly planted with one hundred or 
more trees to the acre. Cultivation is mostly by 
hand, and cultural care varies from good in the 
Mersin lemon districts and a few scattered areas 
to casugl and inexpert in many districts. 

All Mediterranean districts are irrigated, 
and both the Antalya and Adana districts have 
extensive, undeveloped gravity water supplies. 
There are extreme variations in the quality of 
fruit produced. Nearly all citrus is grown on sour 
orange rootstock with the exception of satsuma 
plantings near Izmir and in the Black Sea dis- 
tricts where trifoliate orange root is used. 


Google 


Oranges and lemons bloom from about 
April 15 to May 15. Oranges are harvested from 
about November 15 to May and lemons from 
October 15 to April. Most Mersin lemons are too 
large for export by March. 

Major citrus pests are the Mediterranean 
fruit fly, California and Mediterranean red scale, 
rust and bud mites, red spider, mealybug, and 
aphids. Major fungus diseases are Phytophthora 
on all citrus and mal secco on lemons. The virus 
diseases psorosis and stubborn have been iden- 
tified, and xyloporosis and exocortis are probably 
present in some clones. Tristeza-like symptoms 
have been observed in a few districts, indicating 
this virus may be somewhat of a threat to Tur- 
key’s susceptible sweet orange plantings. 

Turkish Marketing.—Nearly all Turkish 
citrus is consumed in the domestic market, and 
rising citrus production, improved roads, and in- 
creased purchasing power have resulted in an 
increase in per capita consumption from about 
5 pounds of oranges and lemons in 1948 to 
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about 19 pounds of oranges and 4 pounds of 
lemons in 1960. 

Marketing of fresh fruit for both domestic 
and export use is handled by fruit dealers who 
purchase the crop on the trees. Most export or- 
anges and lemons were still field-packed in 1964 
(fig. 2-28), although three packing houses were 
in operation in the Mersin area. Trade reports 
indicated that new packing facilities near Adana 
were not being used to capacity, primarily be- 
cause of transport difficulties. Government pro- 
grams to build packing facilities and regulate 
export grades may result in increased future fresh 
fruit exports. 

Nearly all oranges and mandarins are con- 
sumed in a six-month period from November to 
May. However, full-wrap packs of lemons are 
stored in caves for domestic use throughout the 
summer. As many as 500,000 boxes (48-lb) of 
these “sleeping lemons” are stored each year. 

Eastern European and Middle Eastern 
markets such as Syria have taken most of Tur- 
key’s orange exports up to 1964, and about half 
of lemon exports have gone to Germany, the 
United Kingdom, Austria, and the Netherlands. 
Almost half of the remaining lemon exports have 
been absorbed by such eastern European markets 
as Czechoslovakia, Bulgaria, and Poland. 

Between 1948 and 1964, vias exports 
increased from 22,000 boxes to nearly 150,000 
boxes, averaging from 1 to 5 per cent of total 
production. Lemon exports have increased from 
2,000 to over 300,000 boxes, averaging 20 per cent 
of production in some seasons. Sustained exports 
of 500,000 boxes of oranges and lemons will 
probably not be achieved for some time. Orange 
and lemon production and export data from the 
1935-39 period to 1964-65 are presented in table 
2-65. 


Turkey’s citrus industry has no seasonal 
advantage over competitors, since both oranges 
and lemons are sold at the peak of Mediterranean 
supplies. The hot summers of the Mersin-Antalya 
area result in a one-crop lemon industry such as 
in Yuma, Arizona. Lack of a summer crop and 
the large size of Turkish lemons are export limit- 
ing factors. 

In western European markets, Turkish or- 
anges sell at a discount to Israeli fruit. Turkish 
lemons bring prices about equal to those of 
Mediterranean competitors and somewhat less 
than Arizona and California lemons. Turkish 
grapefruit will create new competition for United 
States winter grapefruit exporters, and Turkish 
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Table 2-65 


TURKISH CITRUS PRODUCTION AND EXPORTS; 
AVERAGE, 1935-39 AND 1953-57; CROP YEARS, 
1958-59 TO 1964-65° 
(In Thousand Boxes) 


Production Exports 
Period and Oranges and Oranges and 
Crop Year Mandarins Lemons Mandarins Lemons 
Average: 
1935-39 1,100 100 53 sate 
1953-57+ 4,100 800 86 129 
Crop Year: 
1958-59 5,826 1,272 282 125 
1959-60 5,606 1,247 402 101 
1960-61 7,537 1,555 278 338 
1961-62 7,637 1,532 82 184 
1962-63 7,795 1,619 375 339 
1963-64 10,683 1,716 158 330 
1964-65{ 10,074 1,571 Mave 300 


* Estimated for boxes of the following weights: oranges 
and mandarins, 70-lb; lemons, 76-lb. 

+ Estimated annual average. 

{ Estimated data. The smaller crops for 1964-65 were 
caused by frost damage. 


lemons will offer limited competition in most 
markets from November through January. Tur- 
key has no summer citrus for export marketing. 
There were no modern citrus process 
facilities in Turkey in 1964. The short season Sot 
scattered production would make processing a 
low-return, salvage operation, which may be de- 
veloped to serve the domestic market when 
supplies and marketing refinements make prod- 
uct fruit available. 


Union of Soviet Socialist Republics (Russia) 


The Soviet citrus industry in the 1930's 
was planned for the “largest industrial produc- 
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Fig. 2-28. Field packing of a sete near Mersin. 
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Fig. 2-29. Citrus areas of Western Georgia. 


tion of citrus in the world” on 165,000 acres of 
reclaimed land in the Colchis plain and on an 
additional 74,000 acres along the caast from 
Sochi to the Turkish border.! By 1961, the Soviet 
citrus industry comprised 24,000 acres in Georgia, 
almost half of which was non-producing. Experi- 
ence had shown that even the optimum climatic 
areas set aside for lemon plantings in the 1930's 
were barely marginal for the hardy satsuma 
mandarin. 

The potential citrus area of Georgia is 
estimated at 74,000 acres, but plantings are not 
likely to exceed 37,000 acres nor production more 
than a million boxes annually. Total citrus acre- 
age of Georgia for selected years from 1913 to 
1961 is shown in table 2-66. In 1957, it was esti- 
mated that about 14,000 acres were planted in 
mandarins, 5,000 acres in lemons, and 3,500 acres 
in oranges. | 

Soviet citrus production has been erratic, 
and was estimated as about 725,000 boxes (70-Ib) 
for the 1934-38 period, 440,000 boxes in the 


1955-57 period, 900,000 boxes in the 1958-60 
period, and about 1 million boxes in 1961. 

Most Russian orange and lemon supplies 
are imported. In 1960, native citrus production, 
mostly satsumas, was supplemented by imports 


Table 2-66 


CITRUS ACREAGE OF WESTERN GEORGIA, 
U.S.S.R.; SELECTED YEARS, 1913 TO 1961 





Year Citrus Acreage 
1913 400 
1922 1,000 
1937 14,000 
1938 24,000 
1939 39,500 
1940 56,800 
1946 44,500 
1949 67,000 
1950 20,000 
1952 27,000 
1955 23,000 
1961 24,000 


1 The material presented in this section has been largely derived from an unpublished thesis by Robert Zim- 
mermann, The Development and Potential of Subtropical Agriculture in Western Georgia, U.S.S.R. (Syracuse University, 


1962). 
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of 2.5 million boxes of oranges and 1.2 million 
boxes of lemons (table 2-67). Imports of both 
oranges and lemons are expected to increase. 
Citrus consumption in Russia is estimated at 0.4 
pounds per capita in the 1934-38 period and 
1.3 pounds per capita in 1961. Russia would be- 
come a great citrus market if consumption ever 
reached western European levels, such as the 
33 pounds per capita consumed in Germany dur- 
ing the 1959-61 period. 

Distribution and Climatic Conditions.—In 
1957, about 70 per cent of Russia's citrus pro- 
duction and 39.7 per cent of its citrus acreage 
was located in the Adzharia region, which has 
the mildest climate in western Georgia. The bal- 
ance of citrus plantings were made up of 33.7 
per cent in Abkhazia, 17.8 per cent in the foot- 
hills south of the Colchis plain, and 8.8 per cent 
in the foothills north of the Colchis plain, West 
Imeretia, and the Colchis plain proper. Plantings 
were most concentrated on the Black Sea coast 
near the growing towns of Batumi, Poti, and 
Sukhumi (fig. 2-29). 

In 1965, approximately 99 per cent of Russian 
plantings were still situated in Georgia, although 
some citrus were being tried in regions of Central 
Asia. A few small plantings were also reported in 
Azerbaidzhan and Tadzikstan. 

The climate of western Georgia in many 
ways resembles that of the southern United 
States, particularly southern Georgia and north- 
ern Florida. Average rainfall in most areas is 
over 40 inches a year, except on the Adzharian 
Black Sea coast, where it may exceed 100 inches. 
Average temperatures are 72° F in July and 41° F 
in January. Coastal areas are humid in the sum- 
mer. The annual minimum rainfall occurs in May 
and June when trees are in bloom. ae 
droughts in some seasons cause blossoms to shed. 

Climatic hazards include frosts and winds 
that are strong enough to defoliate trees. Serious 
frost damage has occurred in 1924, 1929, 1939-40, 
1941-42, 1949-50, 1953-54, 1962-63, and 1963-64. 
Temperatures as low as 14° F have been re- 
corded in citrus areas, and in 1949-50 heavy 
snowfall was experienced and citrus acreage re- 
duced by 70 per cent. In 1953-54, several freezing 
periods occurred with up to 20 inches of snow 
in some areas. Temperatures dropped to 18° F 
and 21° F in most districts. By the end of Decem- 
ber, almost 30 per cent of all citrus on state farms 
had been destroyed by the frost. Sixty-one per 
cent of the surviving plants had suffered damage, 
and half of them were severely affected. 
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Table 2-67 
U.S.S.R. IMPORTS OF ORANGES AND LEMONS BY COUNTRY OF ORIGIN; CALENDAR YEARS, 1956 TO 1960 


(In Thousand Boxes) 
1957 


1956 


Lemons 


Mandarins 


Mandarins Lemons 


Lemons 


Mandarins 


Lemons 


Oranges and 
Mandarins 


Mandarins Lemons 


Oranges and 


Country of 


297 


291 


855 


103 


62 


1,795 


62 


1,350 
154 


130 


73 
157 


————— 


1,251 
2,086 


Total Imports® 
* Estimated for boxes of the following weights: oranges, 70-lb; and lemons, 76-Ib. 


t Included with others, if any. 


Origin 


China 
Other Countries 


South Africa 


Spain 


Greece 
Israel 
Lebanon 
Morocco 


Egypt 
Italy 
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Varieties and Cultural Practices.—The pri- 
mary citrus of the U.S.S.R. is the satsuma (Un- 
shiu) introduced from Japan. There are some 
plantings of Italian mandarins, Washington navel 
and Turkish orange varieties, and four or five 
varieties of lemons. Two varieties of shaddock, 
the Dessertney and the Grushevidny, are grown 
along the Black Sea. Only the satsuma can be 
orchard planted without extensive frost protec- 
tion. Because of the extreme frost hazard, trifoli- 
ate orange is replacing sour orange as a rootstock. 

e continual import of citrus plant mate- 
rial to replace frost-destroyed plantings has prob- 
ably established many citrus pests and diseases. 
Citrus pests in order of wa oes include: citrus 
rust mite, red mite, citrophilus mealybug, orange 
pulvinaria scale, Chinese wax scale, Japanese 
long scale, purple scale, dictyospermum scale, 
yellow scale, Glover scale, and grape mealybug. 
Fungus diseases, including mal secco, are a cul- 
tural problem. The introduction of plant material 
from Japan may have established citrus canker. 

In the limited subtropical area of western 
Georgia, citrus competes for space with other 
temperate and subtropical crops such as tea, 
tobacco, tung, and plants grown for essential oils. 
Some of the most favorable citrus districts are 
planted to tea, a product in which Russia hopes 
to become self-sufficient. 

Most citrus plantings are in thermal belts 
along the foothills on sloping ground that is some- 
times as steep as thirty degrees. Hillside thermal 
belt soils are acid red and yellow latcritic types. 
They are well-drained, but subject to erosion and 
rapid mineral and organic depletion. Some plant- 
ings are terraced. Most Russian citrus is hand 

tivated. 3 

Citrus research in the U.S.S.R. has been 
directed toward solving the frost problem by 
means of development of frost resistant fruit 
strains and changes in cultural practices. Oil- 
burning heaters are used to some extent. 

In the Lenkoran lowland of Azerbaidzhan 
and Tadzhikstan, some citrus has been grown 
in trenches which are covered in winter. This 
method of frost protection has proven unsuccess- 
ful and very expensive. Another means of frost 
sania has been to train citrus, particularly 
emons, on trellises like grape vines, permitting 
groves to be covered in winter as lemon plant- 
ings are at Amalfi, Italy. The commonest frost 
protection is individual tree shelters made from 
three layers of cheesecloth, but the costs appear 
to be uneconomic. Attention in 1965 was being 
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given to growing lemons under glass with the use 
of industrial heat waste. 

Cultural practices involving some use of 
chemicals to assure early dormancy have been 
developed. The Batumi Botanical Garden has 
been breeding frost-resistant citrus since 1933. 
The most promising hybrids developed are a 
cross of satsuma (Unshiu) and an orange, a hy- 
brid of satsuma by Natsu-Mican, and a hybrid 
of satsuma and an experimental orange variety. 
These hybrids are reported to be distinguished 
by frost resistance, early fruit ripening, and the 
excellent taste and storage qualities of their fruit. 


Yugoslavia 


Citrus was grown near Dubrovnik as early 
as 1600, and a small, marginal citrus industry has 
existed in Yugoslavia ever since. 

The Yugoslavian census of 1959 reported 
92,600 citrus trees. Estimates for 1960 indicated 
that there were about 130,000 trees in Monte- 
negro and 30,000 trees in Croatia. Citrus produc- 
tion in 1960 was probably less than 100,000 boxes. 

All citrus in Yugoslavia is grown near the 
Adriatic Sea, on islands and along the coast, 
mostly from Split south. There are centers of 
production near Dubrovnik and Bar and at Ulcint 
in the extreme south. 

Along the Adriatic coast the climate is one 
of hot, dry summers and generally mild winters. 
Cultural hazards include drought, wind, and 
frost. Frosts damaged trees to ground level in 
1929, 1937, and 1941. Some foliage and fruit 
damage was caused by frosts in 1945, 1947, 1956, 
and 1962. 

Improved citrus varieties have been intro- 
duced in Yugoslavia, including Washington navel 
and Valencia oranges in 1934; 1,500 satsuma trees 
from Japan in 1938; and imports of 22,000 trees 
from Italy in 1949, 25,000 trees in 1950, and 39,000 
trees in 1951. Most older Yugoslavian orange 
plantings are a seedy variety called “Portugal.” 
A few Italian lemon varieties are grown, but be- 
cause of frost little acreage expansion is an- 
ticipated. Government programs may eventually 
extend orange plantings. 

Citrus plantings in Yugoslavia are usually 
small and scattered. Some are mixed-orchard 
plantings, some are grown along protecting walls, 
and most are hand-cultivated, irrigated, closely 
planted groves, which may be terraced. Few 
groves receive modern cultural care. The major 
rootstocks are sour orange and trifoliate orange. 

Pests include Florida red scale, palm scale, 
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cottony-cushion scale, black citrus and other 
aphids, mealybug, and Mediterranean fruit fly. 
Diseases include foot rot, exocortis, and possibly 
xyloporosis. Importation of plant material from 
Japan may have established citrus canker. 

Domestic production of Yugoslavia is sup- 
plemented by imports of both fresh citrus and 
citrus juice, including large imports of California 
lemon juice. Yugoslav citrus imports for 1961 
included 953,000 boxes of oranges and mandarins 
and 451,000 boxes of lemons. 


Other Mediterranean Area Countries 


Citrus is grown in a number of other 
Mediterranean area countries, including Libya, 
Iran, France, Albania, and on the French island 
of Corsica. Available data on Iran for 1961-62 
is presented in table 2-1 (pp. 42-43). In all of these 
areas, production is minor and supplies a domes- 
tic market. 

French plantings, centering around Nice, 
are a continuation of the ancient Ligurian dis- 
trict of Italy and have the same general climatic 
conditions. No expansion of citrus is foreseen in 
this area. 

Citrus plantings have shown a steady in- 
crease in the past decade in Libya, where they 
are concentrated along the Mediterranean coast 
in the Gefara portion of Tripolitania. The Libyan 
Ministry of Agriculture reported a total of 484,300 
bearing citrus trees in 1960, of which orange trees 
totalled 75 per cent. The availability of good 
irrigation water will be a primary factor in future 
citrus expansion in Libya. 

Long noted for its citrons, the island of 
Corsica an planting other citrus varieties in 
1957, and by 1963 an estimated 2,800 acres of 
Washington navel, Valencia, and Hamlin oranges, 
mandarin varieties, grapefruit, and lemons were 
under cultivation. Completion of irrigation proj- 
ects is expected to make additional land available 
in the coastal plains and valleys, and a tenfold 
increase in new plantings is projected by 1975. 

Average annual rainfall on Corsica is about 
23 inches, and the climate is moderately dry. 
Mean maximum temperatures are 54° F in 
January and 87° F in July, and mean minimums 
are 43° F and 70° F, respectively. Climatic 
hazards are frost and wind. 
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THE FAR EAST 
Ceylon 


Ceylon represents an excellent example of 
those tropical areas of the world in which citrus 
is grown under extremely adverse conditions and 
is likely to remain a minor, casual domestic crop.? 
Citrus plantings may be found throughout the 
island, and are usually “backyard-plantations” 
ranging from a few trees in the vicinity of houses 
to half-acre groves. 

Total citrus plantings of Ceylon, making 
an allowance for single trees, are probably not 
over 12,000 acres. Only a few real citrus groves 
exist, the largest of which in 1963 was reported to 
be about eight acres. 

The Ceylonese climate is generally tropi- 
cal, and in some areas the annual rainfall exceeds 
120 inches. The island slopes upwards on all sides 
of the coast towards the central massif, Nuwari 
Eliya. During the monsoon season from May to 
July, the west side of the island is wet, but from 
November to January, when the north-east trade 
winds blow, the east side is wet. Average annual 
rainfall at the capital city of Colombo is 80 inches. 
Mean temperatures at Colombo are 79° F in 
January and 83° F in July. 

The largest, most contiguous citrus area 
centers around Bibile-Moneragla in lower Uva 
Province. Rainfall is fairly abundant in this dis- 
trict and the dry season is relatively short. No ir- 
rigation is practiced. 

Small citrus areas exist north and west of 
this center, particularly in the Lagalla district and 
the upper Gal Oya Valley. Other plantings may 
be found in the northern part of the island in the 
Vavuniya-Omantai district, where the dry season 
extends over seven months and citrus is irrigated. 

Citrus plantations consist almost exclu- 
sively of seedling trees. Budding is rarely prac- 
ticed and appears to be confined to plantations in 
experiment stations. In many cases, citrus is mix- 
planted with fruit trees such as bananas, man- 
goes, jack-fruits, areca palms, and coconuts. In 
new settlement areas, where the jungle is opened 
to cultivation, citrus is planted with other fruit 
trees as a permanent crop. The mix-planting with 
other fruit trees that usually have a higher rate of 
growth than citrus leads in the course of time to 
excessive shading, and results in dieback of 
citrus. 


2 The material presented in this section has been Jargely derived from Kurt Mendel, Report on Citriculture in 


Ceylon (Ceylon, 1963). 
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Reddish-brown, mostly well-drained soils 
with adequate fertility are usually considered 
suitable for citrus growing in Ceylon, but gener- 
ally they lack the depth required for successful 
cultivation. The trees are subjected to consider- 
able water stress during the dry season, resulting 
in the death of feeder roots, wilting, and dieback 
of branches. During the wet season, these shallow 
soils are quickly saturated, some developing a 
groundwater table reaching almost to the sur- 
face. In the low-lying areas, soils may be flooded 
for lengthy periods. 

The alluvial soils are in many cases deep 
and adequately drained, and if no high ground- 
water table develops during the wet season they 
are very suitable for citrus growing. Many 
healthy, old trees may be found in such alluvial 
soils in the Liangolla-Syambalanduwa area and 
on the Moneragala-Pottuvil road. 

The Ceylonese fruit grower, except on 
some plantation estates, does not apply fertilizer 
or manure to his trees. The grower expects his 
trees to become established and bear fruit with- 
out care, and as a result yields are low. Only the 
more indigenous and hardy fruit trees lend them- 
selves to such cultural methods. 

Often the Ceylonese grower permits his 
grove to return to jungle after he discontinues 
cultivation of such subsistence crops as maize and 
manoic. The grove thus becomes infested with 
weeds, and creepers expand on the trees. Loran- 
thus settle on the branches, and the growth rate 
and development of young trees are seriously 
retarded. 

The Ceylonese Department of Agriculture 
has made efforts at various times to introduce 
Ee and disease control measures, but growers 

ve not responded. As a result, mites, aphids, 
and scales may be found on citrus trees through- 
out Ceylon. Red ants build their nests in citrus 
trees, making work on the trees or harvest ex- 
tremely unpleasant. 

Pink disease is the most widespread fun- 
gus and Phytophthora fungus and Diplodia col- 
ar-rot are found in many areas. An unidentified 
bark-rot, accompanied by exudation of a frothy, 
white gummy substance, has been discovered on 
old trees, particularly mandarins and sweet or- 
anges. Tristeza virus has been identified as one of 
the causes of the decline of budded citrus trees 
and lime seedlings. 
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As early as 1925 and in subsequent years 
until 1936, many budded plants were introduced 
to Ceylon from South Africa and Australia as new 
varieties and for experimental purposes. Tristeza 
virus is endemic to both of these countries. Lime 
varieties introduced to Ceylon from Tahiti and 
British Guiana have quickly succumbed to the 
tristeza virus. Surprisingly, various local limes, 
particularly those from the Moneragala-Lyangolla 
area, have shown considerable tolerance to the 
virus. While they exhibit typical tristeza symp- 
toms, these trees are more or less healthy in ap- 
pearance, not too stunted, and bear fruit satis- 
factorily. 

Symptoms of decline are widespread 
throughout the citrus area of Ceylon, and be- 
cause of the many adverse operating factors it is 
not always possible to point to any single causal 
agent. In summary, such agents include inade- 
quate cultural practices, unsuitable soils, unsatis- 
factory water relations and nutrition, and prob- 
lems of pests, virus diseases, and shading. 


Communist China and Taiwan 


The growing of citrus as an agricultural 
crop is recorded as far back in Chinese history as 
2286 B.c. and the commercial industry has been 
well developed in China since the tenth cen 
A.D.° Most citrus species are native to China, and 
citrus still grows as a wild plant in many areas. 

China will be treated in this section as one 
area without regard to political subdivision, since 
available data are presented primarily in this 
manner. The commercial citrus area of China 
extends from Hainan Island in the south at a lati- 
tude of 20° N. to the vicinity of Nan-Chung in the 
province of Shensi at 30°40’ north latitude. 

In 1949, Dr. Chang-Chi Hu of National 
Taiwan University reported total commercial 
plantings of China to be about 8 million trees, 
which on a solid planting basis of 360 trees to 
the acre was equivalent to about 30,000 acres. At 
an estimated average yield of 25 pounds of fruit 
per tree, total 1949 production was estimated at 3 
to 4 million (70-lb) boxes. 

In 1959, the National Chinese News 
Agency reported total plantings as 250,000 acres 
and total production as 12 million (70-lb) boxes. 
Since citrus is a readily salable cash crop, plant- 
ings and production are increasing both in Com- 
munist China and on Taiwan. Total commercial 


$ The material in this section is largely derived from Chang-Chih Hu, Recent Information on Citrus Growing 


in China (MSS, National Taiwan University, 1950). 
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Table 2-68 


NUMBER OF CITRUS TREES IN COMMUNIST CHINA AND TAIWAN BY REGION AND PROVINCE 
FOR 1949 AND PREDOMINANT COMMERCIAL VARIETIES GROWN 


Number of Trees 


Region and Of All Varieties 
Province (In Thousand Trees) 

Southern China: 

Kwangtung 1,450 

Kwangsi 400 

Hainan Island 40 

Fukien 600 
Taiwan (Formosa): 3,127 
Western China: 

Szechwan 1,485 

Kweichow 40 
Southwestern China: 

Yunnan 100 
Central China: 

Chekiang 160 

Kiangsi 138 

Anhwei 5 

Kiangsu 5 

Hupeh 10 

Hunan 310 
Northwestern China: 

Shensi 20 

Chamdo (Sikang) 10 

Total Trees 7,900 


Regional Varieties Grown in 
Approximate Order of Importance 


Pummelo: Shatien, Buntan, Pei Yu 
Sweet Orange: Liu Cheng, Tien Cheng, Sekkan 
Mandarin: Ponkan, Tankan, Hong Chieh 


Sweet Orange: Hwang Kuo 
Mandarin: Hong Chieh 
Calamondin 

Pumello: Bon Chi 


Sweet Orange: Hwang Kuo 
Mandarin: Hong Chieh Kan 


Mandarin: Hong Chieh, Hwang Chieh, Mei Chieh 
Sweet Orange: Hwang Kuo 
Kumquat 


Mandarin: Hong Chieh 
Sweet Orange: Hwang Kuo 


Source: Hu, Chang-Chih. 1955. Citrus studies in China. Unpublished manuscript on file at Department of Horticul- 
ture, College of Agriculture, National Taiwan University, Taipei, Taiwan. 


Table 2-69 


AVERAGE CLIMATIC DATA FOR THE MAJOR CITRUS AREAS OF COMMUNIST CHINA AND TAIWAN 


Mean Maximum 


Mean Minimum 


Temperatures Temperatures Annual Rainfall 
Province District (°F) Month (°F) Month (Inches) Rainfall Season 
Southern China 
Kwangtung Canton 100 July 36 December 72.9 April-October 
Kwangtung Swatow 99 August 40 December 62.9 April-June 
Kwangsi Wuchow 87 June 51 January 43.7 April-August 
Fukien Amoy 96 August 43 December 40.7 April-June 
Fukien Foochow 101 August 36 December 34.7 F sit 
Taiwan Taipei 92 July 53 February 83.1 May-October 
Taiwan Taichung 91 July 53 January 68.6 March-September 
Taiwan Tainan 90 July 55 February 68.8 May-September 
Western China 
Szechwan Chengtu 78 October 44 January 32.0 June-August 
Sekang Tatsienlu (Kang-Ting) 87 July 48 January 40.7 May-October 
Szechwan Nan-Chung 84 July 42 January 50.6 June-November 
Kweichow (unspecified) 81 July 43 January 45.0 June-August 
Southwestern China 
Yunnan K’un Ming 72 June 48 January 41.0 June-August 
Central China 
Chekiang Hangchow 85 June 33 January 48.3 April-August 
Kiangsi Nanchang 86 July 4] January 64.2 March-October 
Hupeh Ichang 84 August 42 January 43.1 June—October 
Hunan Ch’ang-Sha 86 July 43 December 55.6 March-August 
Northwestern China 
Shensi Han-Chung (Nan-Cheng) 86 July 33 January 29.0 June-August 


Source: Data compiled by Chang-Chih Hu, Department of Horticulture, College of Agriculture, National Taiwan Uni- 


versity. Tainei. Taiwan. 
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citrus plantings in 1964 on a solid-planting basis 
may be estimated as not exceeding 100,000 acres 
in Communist China and 10,000 acres on Taiwan. 

Distribution and Climatic Conditions.— 
Southern China is the most important producing 
area, including Taiwan and the provinces of 
Kwangtung, Fukien, and Kwangsi (fig. 2-30). The 
second most important areas are the upper Yang- 
tze River district in western and southwestern 
China, including Szechwan, where citrus was 
first grown commercially, and the provinces of 
Kweichow and Yunnan. The third major pro- 
ducing area is in the lower Yangtze River basin 
of central China, including plantings in the prov- 
inces of Chekiang, Kiangsi, Kiangsu, Hupeh, An- 
hwei and Hunan. There are also a few small 
plantings in northwestern China in the provinces 
of Shensi and Chamdo. The number of citrus trees 
grown by region and province in 1949 and the 
predominant commercial varieties are given in 
table 2-68. 

Southern China has a hot, humid, rainy 
summer climate and frost-free rather dry winters. 
Temperatures in the summer may be sufficiently 
high to partly defoliate trees. Climatic hazards 
are heavy rains, typhoons, and hot weather. 

Western and southwestern China, the up- 
per Yangtze River district including Szechwan 
Province, also has heavy summer rainfall, but 
winters are colder than in southern China with 
light frost and snow in some seasons. 

The lower Yangtze River basin of central 
China, including the provinces of Chekiang, 
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Kiangsi, Anhwei, Hunan, and Hupeh, has less 
rainfall than southern China and frost and light 
snow in some winter seasons. 

Maximum and minimum temperature and 
rainfall data for the five citrus-producing regions 
of China are presented in table 2-69. 

Typhoons and hot weather are not climatic 
problems in the central, western, and southwest- 
ern regions of China. However, the winter frast 
hazard in these regions results in citrus being 
grown on trifoliate orange rootstock in the colder 
areas, and most citrus is harvested before January 
to avoid frost damage. 

Varieties.—Many commercial citrus varie- 
ties grown in China, such as the pummelo or 
shaddock, are exotic or unfamiliar to western 
growers. Important Chinese citrus varieties are 
shown in table 2-70. Juice characteristics of se- 
lected Chinese citrus varieties are presented in 
table 2-71. 

The excellent Swechan sweet orange, called 
Hwang Kuo, was first described in the fifth ¢en- 

A.D. and comprises a group of mostly seedy 
strains, although a few are seedless. _ 

The Sekkan and Tien Cheng sweet orange 
varieties are grown widely in southern China, 
Another mandarin-like variety called Tankan has 
characteristics of both the sweet orange and the 
Ponkan. The Tankan originated in Kwangtung 
Province and has few seeds, excellent quality 
fruit, and can be tree-stored for delayed harvest 
from February to April. | 

The Ponkan (a mandarin type) is grown 


Table 2-70 
NATIVE CHINESE CITRUS SPECIES AND COMMERCIAL VARIETIES 


Native Species 


Pummelo (Citrus grandis) 
Sweet Orange (Citrus sinensis) 


Sour Orange (Citrus aurantium) 
Lemon (Citrus limon) 

Canton Lemon (Citrus limonia) 
Mandarin (Citrus reticulata) 


Citrus junos 

Hybrid of Citrus junos and Citrus grandis 

Calamondin (Citrus microcarpa? or hybrid of Citrus 
reticulata var. austera? and Fortunella sp.?) 

Citron (Citrus medica) 

Fingered Citron (Citrus medica var. sarcodactylis) 

Kumquat (Fortunella sp.) 

Trifoliate Orange (Poncirus trifoliata) 


Commercial Varieties 


Ma Tao, Sha Tien, Buntan, Pei Yu, Sue Chi Pao 
Hwan Kuo, Tien Cheng, Liu Cheng, Sekkan, Shiang Sui 


Cheng 


Chu-Lan, Kui To-Cheng, Sheohong Cheng, Dai-Dai 
Shiang Mon, Shiang Tao 

Li-Mon 

Ponkan, Hwang Chieh, Hong Chieh, Chu Sha Chieh, Wen 


Cheu-Chieh, Nu Chieh, Cheo Kan, Tankan 


Shan Cheng, Ruhan-Cheng 
Shangyan Hu 
Suki Chieh 


Cheu Yuan 

Bu Shiu Kan 

Chin Dan, Lu Fu, Sheu Chieh, Chin Toa 
Tsu Ko 


Source: Hu, Chang-Chih. 1955. Citrus studies in China. Unpublished manuscript on file at Department of Harticul- 
ture, College of Agriculture, National Taiwan University, Taipei, Taiwan. 
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Table 2-71 


FRUIT CHARACTERISTICS BY CLASS OF CITRUS, VARIETY, AND ROOTSTOCK; 
DATA FROM SZECHWAN, CHINA 


Fruit Juice Citric © Number Number 
Class of Citrus, Weight Content Brix Acid of of 
Variety, and Rootstock Test Date (gm) (Per Cent) (Degrees) (Per Cent) Segments Seeds 

Acid Lemons: January 

Eureka on Pummelo 165 51 8.2 6.3 10 7 

Peking Lemon (Meyer) on Pummelo November 108 56 7.0 4.2 10 10 
Pummelo: November 7 

Lain Shan Yu on Pummelo 1,229 48 8.1 0.3 30 150 

Bon Chi Yu on Own Root 1,779 34 10.0 0.9 15 125 
Sour Orange: January 

Tai Tsu-Kou on Own Root 80 37 8.2 1.5 10 30 
Sweet Orange: December 

Hwang Kuo Kintan on Own Root® 184 53 10.0 0.9 10 17 

Hwang Kuo Kiang-Tsing on Own Root? 162 41 10.0 1.3 10 17 

Hwang Kuo Yunnan on Own Root 220 50 6.8 0.8 10 17 
Mandarin: | Nov.—Dec. 

Hong Chieh on Own Root 136 54 11.0 0.3 10 15 

Wenchow (Satsuma) on October 117 49 11.0 1.6 12 4 

Trifoliate Orange 


Source: Hu, Chang-Chih. 1951. Some descriptive and taxonomic characters of citrus fruits grown at Riverside, Cali- 


fornia, and Szechuan, China. Department of Horticulture, College of Agriculture, National Taiwan University, 


Tapei, Taiwan. 
° Average tests of fruit from 25 seedling trees. 


over a wide area of southern China. It is a hardy, 
early, easy-to-peel fruit that can be harvested in 
October. 

Kumquats grow both as wild and culti- 
vated crops in the lower Yangtze River basin. The 
fruits are used for preserves and decoration. 

In addition to native citrus, a number of 
western varieties have been introduced into both 
Communist China and Taiwan, where they are 
as yet produced in small quantities. These include 
the Washington navel, Valencia, and Shamouti, 
oranges; the Marsh Seedless, Thompson, and 
Duncan grapefruit; Eureka and Lisbon lemons; 
satsuma mandarins, and Mexican limes. 

Wild native citrus may be found as listed 


by province below: 
Species Province 


Citrus sinensis Kweichow and Yunnan 


Citrus ichangensis Hupeh and Kiangsi 

Citrus junos Hupeh 

Unspecified species Kwangtung, Hainan Island, and 
Taiwan 

Poncirus trifoliata Kiangsu 

Fortunella hindsii Chekiang 


Cultural Practices.——Citrus in China is 
grown in small, closely planted, hand-cultivated 
plots, often mix-planted with vegetables and 
other crops. Reddish-clay, loam soils are common 
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to the citrus areas of central and southern China. 
While such soils are fertile, they are heavy and 
poorly drained, which creates disease problems 
and results in groves with a short commercial 
life. In other areas of China, grey, sandy loam, 
alluvial soils are widely used for citrus. These 
fertile, well-drained soils, usually near rivers, 
make up the best citrus areas of Szechwan, Fu- 
kien, Kwangtung, and Taiwan. | 

A large part of the southern citrus plant- 
ings are on heavy soils near the sea, where tide 
waters fill the drainage ditches between rows. 
Such groves have a short life because of the high 
water table, and are usually protected from ty- 
phoons by windbreaks of thorny bamboo. In 
other areas, citrus is often planted adjacent to 
rice fields and on terraced land unsuited to rice 
growing. , 
The topography of land devoted to citrus 
culture varies widely in different sections of 
China. The terraced hillside is the common type 
of topography utilized in the Kiang-Ting district 
of Szechwan Province and in the provinces of 
Hainan Island, Kiangsu, Kweichow, Hunan, Hu- 


.peh, and Shensi. Level land is the common type 


of topography in citrus orchards in the Nan- 
Chung district of Szechwan Province and in the 
provinces of Kwangtung, Fukien, Kiangsi, and 
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Table 2-72 


ESTIMATED ORANGE PRODUCTION AND EXPORTS FOR COMMUNIST CHINA AND TAIWAN; 
CALENDAR YEARS, 1952 TO 1963 
(In Thousand Boxes) 


Communist China 


Exports 
Calendar 

Year Production Hong Kong U.S.S.R. 
1952 6,500 , 
1953 8,000 ae 
1954 10,000 374 oe 
1955 9,000 582 1,184 
1956 10,000 442 1,251 
1957 10,000 621 1,350 
1958 13,000 538 1,795 
1959 13,000 506 1,510 
1960 wihe 461 854 
1961 454 339 
1962 i ore 
1963 


* Includes exports to Poland of about 250,000 boxes. 


Chekiang. Combinations of these two types of 
topography are found in the provinces of 
Kwangsi-Chuang and Anhwei and on Taiwan. 

Most Chinese citrus-growing areas have 
sufficient rainfall to make irrigation unnecessary. 
Some plantings on Taiwan are reported to be irri- 
gated, however. 

Citrus is propagated as seedlings, cuttings. 
and layerings and by marcotting, cleft grafting, 
and budding. Trifoliate orange and some varieties 
of sour and sweet orange are used as rootstocks 
for mandarin-type oranges and kumquats. Sunki 
mandarin is used as rootstock for Tankan and 
Ponkan citrus in southern China. 

Important citrus pests include four kinds 
of tree borers of which the citrus trunk borer is 
most important. This pest is particularly common 
in Kwangtung Province, where young trees are 
frequently killed before coming into production. 
The most important scale insects are orange pul- 
vinaria and red wax scale, which are common to 
the Yangtze River districts. Red and rust mites 
yecine fruit in many areas. The Japanese or- 
ange fruit fly and the oriental fruit fly are wide- 
spread, causing severe damage in Szechwan, 
Kweichow, and Yunnan provinces and some in- 
jury on Taiwan. 

Major citrus diseases include citrus canker 
(particularly on sweet oranges and pummelo in 
Kwangtung and Taiwan), citrus scab (severe in 
Fukien and Szechwan), and gum diseases and 
Phytophthora root rot, which are common to 
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Taiwan 
Malaya 
and Total 
Singapore Exports Production Exports 

863 98 
au 912 26 
182 seit 860 31 
336 2,102 935 48 
275 1,968 1,091 7 
326 2,298 1,197 16 
362 2,694 1,263 12 
208 2,224° 1,284 43 
150 1,622° 1,577 75 
128 921 1,614 145 
me sae 1,994 124 
2,232 17] 


heavy-soil plantings in southern China. Other 
diseases include stem-end rot, Anthracnose rot, 
and Alternaria rot. Some virus diseases, includ- 
ing tristeza and psorosis and exocortis in budded 
plantings, probably are widespread. 

Chinese Marketing.—In 1963, Communist 
China and Taiwan probably attained a total com- 
mercial orange production of about 15 million 
boxes, and their combined exports to Far Eastern 
markets were slightly over 1 million boxes. Esti- 
mated Chinese orange production and exports 
from 1952 to 1963 are presented in table 2-72. 

The U.S.S.R. was Communist China’s most 
important market in 1959, when about 20 per 
cent of indicated production was exported. Sub- 
sequent decreases in trade with Russia reduced 
Communist Chinese exports to about 7 per cent 
of 1961 production. If Communist China should 
reestablish citrus trade with the U.S.S.R., total 
exports of Taiwan and Communist China com- 
bined could exceed 4 million boxes by 1970. 
Much of the exported fruit, however, would 
probably be of low grade. 

In addition to orange exports, Communist 
China annually exports about 100,000 boxes of 
other citrus varieties, primarily lemons, man- 
darins, and pummelos to Hong Kong, Malaya, 
and Singapore. 

Some canned, single-strength mandarin 
juice is produced at Swatow and exported to such 
European markets as Finland. When tested, this 
juice had a good appearance, a Brix measure- 
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ment of 17 degrees, a citric acid content of 1.02 
gm per 100 ml, and a solids-acid ratio of 16.7 to 1. 

In 1963, when Taiwan exported 171,000 
boxes (70-Ib) of oranges, destinations and export 
quantities were: Singapore, 95,000 boxes; Hong 
Kong, 36,000 boxes; Ryukyu Islands, 20,000 boxes; 
Malaya, 12,500 boxes; Canada, 4,500 boxes; the 
Philippines, 3,000 boxes; and other areas, 1,000 
boxes (including 300 boxes to the United States). 

With the exception of the U.S.S.R. and 
Canada, Taiwan exports to the same markets as 
Communist China. Taiwan’s exports to Canada 
create quarantine problems for Re United States 
because of the presence of diseases and the orien- 
tal fruit fly on Taiwan. Citrus from Taiwan can- 
not be imported into the United States because 
of quarantine regulations, and the indicated ex- 
ports to the United States for 1963 were probably 
ship stores. 

Although China is the original source of 
most commercial citrus species, its neighbor Hong 
Kong purchased most citrus in 1963 from non- 
Chinese producers. Of the total 1963 orange and 
mandarin imports received by Hong Kong in 
1963, only 35 per cent were from Taiwan and 
Communist China. 

Chinese domestic citrus consumption in 
1964 was estimated at about 1.5 pounds per 
capita, the lowest domestic consumption in the 
world for a citrus-producing area. 


India 


Citriculture in India is second only to that 
of China in antiquity. Many citrus fruits or their 
progenitors originated in the state of Assam in 
the northeastern part of the country. These in- 
clude the Citrus species designations of ichangen- 
sis, indica, latipes, macroptera, jambhiri (rough 
lemon), limonia (Rangpur lime), assamensis, kar- 
na, limetticides (Indian sweet lime), aurantium 
(sour orange), and progenitors of the citron, 
lemon, and some mandarins. These species and 
progenitors are all reported to still exist as wild 
plants in Assam. 

The sweet orange, mandarin, sour lime, 
and pummelo were introduced prior to the Chris- 
tian era, and a garden citriculture has flourished 
in India for centuries. 

The modern, commercial industry of India 
dates back less than a century, and an increase 
of 100,000 acres in citrus plantings is reported 
to have occurred since 1943. 

Total citrus plantings in 1960 were esti- 
mated at 225,000 acres. These plantings com- 
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prised 120,000 acres of mandarins, 68,000 acres 
of sweet oranges, 22,000 acres of sour limes, and 
15,000 acres of other citrus, including lemons, 
sweet limes, kichili (a distinctive, local fruit), 
pummelos, and grapefruit. 

In 1960, India was estimated to have about 
3 million acres of plantings in fruit crops. The 
largest plantings were in bananas, with mangoes 
second in importance. Citrus was the third most 
important fruit crop and made up about 7.5 per 
cent of total plantings. 

Citrus production in the 1948-53 period 
was reported by the Food and Agriculture Or- 
ganization of the United Nations to average 
annually about 7 million boxes (70-lb) of oranges 
and mandarins, 140,000 boxes (80-lb) of grape- 
fruit, and 8.3 million boxes (76-lb) of lemons, 
limes, and other citrus. Production in India is 
presently increasing. 

Distribution and Climatic Conditions.— 
Citrus-producing areas of India are shown in 
figure 2-31. Mandarin production is centered 
in the states of Madhya Pradesh (near Nagpur), 
Andhra Pradesh, Mysore (Coorg district), and 
Assam; orange production in Bombay, Madras, 
Andhra Pradesh, and Punjab; and lime produc- 
tion in Bihar, Bombay, and Andhra Pradesh. 

Northern citrus districts are subtropical, 
and rainfall occurs ae od in the summer, 
ranging from 15 to 20 inches in the Punjab to 
150 inches or greater in Assam. Rainfall in the 
citrus-growing district of Saharanpur on the 
Ganges River plain is 70 inches annually. Maxi- 
mum mean temperatures of the Saharanpur dis- 
trict are 72° F in January and 99° F in July; 
minimum mean temperatures are 32° F and 
73° F, respectively. 

In the northern districts, cool winters in- 
duce dormancy. Trees in the northern districts 
bloom early in the spring and fruit matures the 
following fall and winter. Oranges are well- 
colored and have good flavor. 

While central and southern India are 
tropical, there are wide variations in climate 
resulting from topography, elevation, and rainfall 
patterns. The regular summer monsoon rain re- 
sults in three periods of bloom: February, June, 
and October. As is the case with Italian lemons, 
each bloom produces fruit with special charac- 
teristics. 

Climatic hazards include occasional frosts 
in the Punjab, desert winds in the spring and 
summer prior to the monsoon rains, which may 
reduce set, and extreme heat, which may cause 
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sunburn and fruit loss during the summer when 
temperatures of over 115° F are experienced. 

Varieties.—Citrus varieties of northern 
India include the common Malta, a seedy orange; 
the blood-red Malta, a light blood orange of fine 
quality; the Australian Emperor and California 
Kinnow mandarins; and a sour lime known as 
the kaghzi ninbu which is identical to the Mexi- 
can or West Indian lime. 

The mandarin or santra is the most im- 
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and the Nagpur and Coorg are the most signifi- 
cant varieties. The Nagpur mandarin is India’s 
most important citrus fruit, and one of the finest 
of all mandarins. The Nagpur is vegetatively prop- 
agated and probably virus-infected. The Coorg 
mandarin is grown from nucellar st 

Tropical, southern India grows the pale 
green, flat-tasting Sathgudi orange and the almost 
acidless Mosambi orange. 

Varieties distinctive to India include the 
kitchli sour ella A a sometimes called the Guntur; 
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Fig. 2-31. Citrus areas of India. (From M. S. Randhua, Agriculture and Animal Husbandry in India, Indian Coun- 


cil of Agricultural Research, New Delhi, 1958, p. 270.) 
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the galgal or gulgul hill lemon known as the 
Soh-long; and the highly acid, vigorous Mela- 
nesian Papeda or Sat-kara grown in Assam. 

The rough lemon is the most widely used 
rootstock for mandarins and oranges, although 
in northern India (Punjab and Uttar Pradesh), 
the native species Kharna or Kharna Khatta is 
used extensively except for blood-red oranges 
with which it is incompatible. Two stocks that 
are reported to improve fruit quality are used to 
some extent: the Rangpur lime for the Mosambi 
orange in Bombay state; and the Indian sweet 
lime or Mitha Nimbu for the Nagpur mandarin 
in Madhya Pradesh. A very vigorous rootstock 
of local importance in southern India is the Gaja- 
nimma, which seems identical to C. moi. 

Cultural Practices.—Much of India’s citrus 
is raised by casual methods, using seedling trees. 
Vegetative propagation of trees, irrigation, and 
fertilization are practiced in some areas, however. 

In the central and southern parts of India, 
growers accentuate one of three periods of bloom 
by withholding irrigation until trees are in a 
state of wilt. The trees are then forced to bloom 
by irrigation or the summer monsoon rains. This 
practice is similar to the Sicilian verdelli tech- 
nique, and makes a choice of marketing seasons 
possible. 

Some of the tall-growing mandarins are 
closely planted. Citrus yields are generally low. 
Sweet oranges in Madras are said to yield 35 
boxes (70-Ib) an acre. Average yields in the Pun- 
jab are about 55 boxes per acre. The best or- 
chards in India may have yields as high as 
1,000 fruits per tree or about five boxes. 

There appear to be more insect species 
causing injury to citrus in India than in any 
other area of similar size, and it has been esti- 
mated that 30 per cent of the crop is destroyed 
by insects every year. The most destructive pests 
are the Lepidoptera, including fruit-piercing 
moths, swallowtails, and leaf miners. Other pests 
are the citrus bark borer, citrus shoot borer, 
mealybugs, citrus whitefly, thrips, and mites. A 
damaging parasitic mistletoe is also of consider- 
able importance. 

The most serious threat among Indian 
citrus diseases is described as “citrus dieback,” 
which is thought to be a complex problem in- 
volving malnutrition, soil fungi, nematodes, and 
possibly unidentified virus diseases. Other dis- 
eases include citrus canker, pink disease, powdery 
mildew, Phytophthora fungus, tristeza, psorosis, 
and probably xvloporosis. 
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Indian Marketing.—All Indian citrus is 
utilized in the domestic market, and mostly as 
fresh fruit, although some processing is reported. 
The annual citrus consumption of India’s 440 
million people is about 2.5 pounds per capita. 

The Nagpur Orange Grower’s Cooperative 
Association operates a plant near Nagpur that 
processes about 5 per cent of the local produc- 
tion of Nagpur mandarins. Two crops each year 
permit processing from October to December and 
from February to April. While the Nagpur man- 
darin has disadvantages as a processing fruit, it 
does produce high quality orange segments. 

The Nagpur plant uses only about a fifth 
of its capacity in production of citrus products. 
There is also processing of mangoes, papayas, 
guavas, and various vegetables. 

Production of citrus products at the Nag- 
pur plant in 1959 included 3,100 cases of orange 
segments, 9,500 pounds of orange marmalade, 
13,000 U.S. gallons of single-strength orange juice, 
3,700 gallons of orange squash, 3,000 gallons of 
4-to-1 and 6-to-1 hot-pack orange juice concen- 
trate, over 2,000 gallons of bulk-preserved orange 
juice concentrate, and some lime juice cordial, 
lime barley water, and essential oils. 


Japan 


Japan, the world’s largest producer of 
mandarin-type citrus, has one of the oldest com- 
mercial citrus industries. Thirteen provinces are 
recorded as producing citrus before 1000 a.p. By 
1634, citrus was an established industry, and 
fruit was being shipped to distant Japanese mar- 
kets by sail boats. 

Satsuma mandarins (Unshi mikan) have 
been Japan’s major citrus product for over fifty 
years, and plantings increased from 9 million 
trees in 1905 to over 21 million trees by 1940. 

The total citrus plantings in Japan were 
estimated as 214,300 acres in 1961, including 
171,200 acres of satsumas, 28,200 acres of sum- 
mer oranges (Natsudaidai), 1,500 acres of navel 
oranges, and 13,400 acres of miscellaneous citrus 
(table 2-73). Of the total plantings, 75,000 acres 
were not yet of bearing age, which included 
about 61,000 acres of satsumas. Increased citrus 
planting and production appeared indicated in 
1965. 


Japanese citrus production in 1961 was 
estimated at nearly 35 million boxes (table 2-73). 
The bulk of the crop was satsuma mandarins but 
it also included about 5.5 million boxes of sum- 
mer oranges, 300,000 boxes of navel oranges, 1.6 
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million boxes of miscellaneous citrus, and about 
12,000 boxes of lemons. While satsuma produc- 
tion is expected to increase, it is unlikely that 
lemon production will rise substantially. Total 
citrus production in 1964 was slightly over 42 
million boxes. 

Distribution and Climatic Conditions.— 
Citrus-growing areas of Japan extend south from 
Tokyo, at about 35.5° north latitude, to the island 
of Kyushu (fig. 2-32). Principal citrus-growing 
prefectures in order of importance are Shizuoka, 
Ehime, Wakayama, Hiroshima, Kumamoto, Kana- 
gawa, Saga, Tokushima, and Fukuoka, although 
some citrus is grown in at least ten other pre- 
fectures. 

The coastal citrus-growing areas are char- 
acterized by fairly high humidity throughout the 
year, considerable cloudiness, and excellent sum- 
mer growing weather. Annual rainfall in selected 
prefectures is as follows: Kanagawa, 77 inches; 
Shizuoka, 88 inches; Wakayama, 71 inches; Hiro- 
shima, 55 inches; Ehime, 54 inches; and Naga- 
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saki, 76 inches. Mean maximum temperatures 
at Okitsu in the Shizuoka Prefecture in January 
are 52° F and in July 84° F; mean minimum 
temperatures are 35° F and 71° F, respectively. 
At Tadono in the Wakayama Prefecture, mean 
maximum temperatures are 52° F in January 
and 88° F in July; mean minimums are 35° F 
and 73° F, respectively. Temperatures in these 
two prefectures are representative of the range 
of Japanese citrus-growing areas. 

Spring and autumn are cool in all of the 
citrus-growing areas. While winters may be cold, 
they are moderated by the influence of the 
Pacific Ocean. Some frost damage does occur to 
fruit and trees, however. 

Varieties.—The two major varieties of the 
satsuma are the Wase, an early type, and the 
Owari which comprises the bulk of production. 
Satsuma plantings of Japan by prefecture are 
presented in table 2-73. 

A summer orange called Natsudaidai is 
grown, and there are small plantings of navel 
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Fig. 2-32. Citrus areas of Japan. 
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oranges, buntan (pummelo), and in warmer dis- 
tricts grapefruit. There is also minor production 
of acid lemons (95 acres in 1957). 

The primary Japanese rootstock is tri- 
foliate orange. Some of the older orchards are 
inarched with a rootstock called Yuzu (C. junos) 
to prolong life of the trees. 

Cultural Practices.—Nearly all citrus is 
grown on relatively steep hills and bench-terraced 
mountain slopes near the sea. Cable ways to 
transport fruit from the groves to access roads or 
even to seaside docks are common. Japanese soils 
are mostly acid, heavy-silt loams, varying in color 


Table 2-73 
JAPANESE CITRUS PRODUCTION AND ACREAGE?® 


Production Area 
(Thousands of (Hundreds of 
boxes) acres) 
Average Average 
Prefecture 1955-59 1961 1955-59 1961 


Satsuma Mandarins 


Kanagawa 1,301 1,496 60 74 
Shizuoka 5,166 6,231 246 311 
Aichi 414 479 36 50 
Mice 189 403 21 25 
Osaka 469 621 37 46 
Wakayama = 2,501 2,974 117 154 
Hiroshima 1,418 1,975 74 102 
Yamaguchi 416 602 28 39 
Tokushima 599 973 32 42 
Kagawa 594 822 31 52 
Ehime 2,845 3,820 136 239 
Kochi 230 375 18 30 
Fukuoka 419 948 33 85 
Saga 624 1,254 60 104 
Nagasaki 454 769 42 90 
Kumamoto 863 1,707 49 85 
Oita 712 778 46 80 
Miyazaki 170 264 16 40 
Kagoshima 640 756 51 64 

Total 19,984 27 247 1,133 1,712 

Navel Oranges 

All Prefectures 190 314 17 15 


Natsudaidai 














All Prefectures 3,595 5,472 189 282 
Other Citrus 

All Prefectures 941 1.581 85 134 

Grand Total, 24.710 34.614 1,424 2.143 


All Citrus 


Source: Japanese Ministry of Agriculture and Forestry. 
* Converted from metric tons to 70-lb box equivalents, 
and from cho to acres, 
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from yellows, reds, and browns to grey and dark 
grey. 

Groves are closely planted with 250 to 
350 trees to the acre. Most groves are small, one 
to four acres, and hand cultivated. Some groves 
are irrigated. Where irrigation is necessary, im- 
pounded water is used from local streams in July 
and August. No drainage or salinity problems 
exist. 

Trees are kept small in size by pruning, and 
picking is accomplished without ladders. Chemi- 
cal fertilizers and manures are used in the groves, 
and nitrogen rates of up to 165 pounds per acre 
annually are common. 

Japanese citrus yields are high and sat- 
sumas average 200 to 400 boxes (70-lb) per acre. 

The most important citrus pests are ya- 
none scale, red wax scale, orange pulvinaria 
scale, fruit-piercing moths, leaf-roller, swallow- 
tails, Japanese orange fruit fly, citrus trunk borer, 
rust mite, mealybug, and probably nematodes. 

Major diseases are citrus scab, root rot, 
melanose fungus, and sooty mold. Tristeza and 
psorosis do not appear to be serious problems. 
Citrus canker still exists on a limited scale, but 
because of relatively cool climatic conditions and 
a predominance of canker-resistant species of cit- 
rus trees it is of relative insignificance to the 
Japanese industry. Under such circumstances, it 
is doubtful that the disease can or will be totally 
eradicated from Japanese orchards. 

Japanese Marketing.—Citrus marketing in 
Japan is accomplished by private firms and co- 
operatives. Local cooperatives are members of 
a national federation of fruit-marketing coopera- 
tives. 

Japan exports satsumas from October to 
March, and nearly 90 per cent of these exports 
are made in November. In 1962, about 85 per 
cent of Japan’s satsuma crop was used as fresh 
fruit for export and the domestic market, and 
approximately 15 per cent was processed. Of the 
summer-orange crop, about 10 per cent was used 
for juice and the remainder as fresh fruit in the 
domestic market. 

Data on Japanese fresh citrus and orange 
juice imports, and exports are presented in table 
2-74. Prior to 1938, mainland China was the 
major export market. By 1952, Canada had be- 
come the most important market and the Ryuku 
Islands were second in significance. 

Japanese domestic supplies are supple- 
mented by the import of a small quantity of 
oranges, about 300,000 boxes of lemons, 20,000 
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boxes of grapefruit, and about 70,000 gallons of 
orange juice. In 1964, the ra ak of citrus juice 
and grapefruit were controlled by import quotas. 
When the quotas are removed, Japan will im- 
port at least 50,000 boxes of grapefruit from 
California, Florida, and other areas, and a sub- 
stantial quantity of lemon and orange juice. 

Lemon imports were liberalized in May, 
1964, which resulted in a sh increase in im- 
ports that dropped the wholesale price of lemons 
in Japan from an average of 56 cents per pound 
in the first four months of 1964 to an average of 
about 19 cents per pound in August, 1964. In 
1963, total lemon imports were 117,000 boxes, 
but in the first eight months of 1964—after only 
four months of liberalized trade—imports totalled 
225,000 boxes. For the three-month period from 
June to August, 1964, lemon imports were 115,000 
boxes. In the future, Japanese lemon imports may 
reach 500,000 boxes annually. The results of lib- 
eralizing Japanese lemon imports provide an 
excellent example of the effect of restrictions on 
citrus trade. 

Japan is the world’s major source of 
canned mandarin segments, and exports of this 
product have increased from an average 2.2 mil- 
lion cases in the 1953-57 period to about 6 million 
cases in 1963-64. Nearly half of the total mandarin 
segment exports are to the United Kingdom, and 
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about 30 per cent to the United States and Can- 
ada. Other markets include Germany, the Nether- 
lands, and Sweden. 

Exports of canned mandarin segments will 
increase, and the export of fresh mandarin or- 
anges would increase greatly if Japanese man- 
darins could be imported by the United States. 
The presence of citrus canker in Japan prevents 
such trade at present but if suitable sanitation 
measures should be developed, Japanese fresh 
citrus may one day find a market in the United 
States. 


Malaya 


Malaya (a member of the Federation of 
Malaysia) is both a citrus producer and a citrus 
market where the East meets the West. Domestic 
production is supplemented by yearly imports 
of about 0.5 million boxes of oranges and man- 
darins, 50,000 boxes of acid lemons, and 0.5 
million U.S. gallons of fruit juices that include 
citrus. Among the suppliers are mainland China, 
Australia, South Africa, the United States, and 
various Mediterranean and Far Eastern pro- 
ducers. 

Total citrus plantings in Malaya for 1959 
were estimated at 8,000 acres, including 6,000 acres 
of mandarins, 1,000 acres of lemons and limes, 


Table 2-74 


JAPANESE FRESH CITRUS AND ORANGE JUICE IMPORTS AND EXPORTS; 
AVERAGES, 1934-38 AND 1953-57; CALENDAR YEARS, 1958 TO 1964 


ee... eee 
Canned 
Mandarins Mandarin 
Fresh Citrus Imports Orange Juice Imports® and Oranges Segments 
Period (In Thousand Boxes) (In Thousand Gallons) (In Thousand (In Thousand 
or Year Oranges Lemons® _—_ Grapefruit® Unsweetened Sweetened Boxes) 24/2 Cases) 
Average: 
1934-38 66 nee nee 1,082 1,239 
1953-57 5 45 1 257 2,225 
Annual: 
1958 3 94 1 29 8 438 3,322 
1959 5 72 ] 31 6 498 3,517 
1960 6 87 8 45 3 562 4,261 
1961 8 90 19 54 3 546 4,640 
1962 7 108 10 70 ] 444 4,237 
1963 15 117 ace 34 a 380 3,625 
1964§ 23 429 bse 34 ant 469 4,383 


* Imports controlled by quota. 


t Largely satsuma varieties. Shown in equivalent cases of 24 No. 2 cans, but actually packed in cases of 48 11-0z 


cans. 
} Less than 500 units. 
§ Lemon imports were liberalized in 1964. 
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and 1,000 acres of pummelos. Citrus planting is 
encouraged by government programs providing 
subsidies, and total acreage was expected to 
more than double by 1970. The rapid increase 
in Malayan citrus acreage is being made pos- 
sible through the establishment of new settle- 
ment areas under the Federal Land Development 
Authority. 

The total citrus production of Malaya in 
1962 was probably about 1 million (70-Ib) boxes. 
Most groves are small, mix-planted gardens that 
are hand cultivated. The larger citrus groves con- 
sist of two to five acres. 

Malayan citrus in order of importance are 
mandarins, limes, lemons, pummelos, and grape- 
fruit. Local limes and lemons are much smaller 
than their imported counterparts and are avail- 
able throughout the year. They are usually grown 
by the Malays on their homesteads (kampong) 
and by the Chinese in their vegetable gardens. 

There is abundant rainfall in tropical Ma- 
laya and humidity is high. Average rainfall at 
Johore Bahru is about 95 inches, well distributed 
throughout the season. 

The majority of citrus pests found in India 
are also present on the Malay Peninsula, but 
there are a number of pests that have been 
recorded only in Malaya. These include Mictis 
tenebrosa, Ochrochira rubrotincta, Mictis longi- 
cornis, Physomerus grossipes, Physomerus oedy- 
merus, Riptortus linearis, Coccus watti, and Phy- 
toscaphus leporinus. 

The Chinese, who are concentrated in 
Singapore, are the largest consumers of Malayan 
citrus. To the Chinese, oranges are a symbol of 
prosperity, and they prefer oranges from main- 
land China for use in their ceremonies and festi- 
vals. Large quantities of citrus are consumed 
during Chinese New Year, which falls either in 
January or February and is celebrated for fifteen 
days. 

The secession of Singapore from the Fed- 
eration of Malaysia in August, 1965 is not ex- 
pected to disrupt citrus trade between Malaya 
and the new nation. Citrus imports will also con- 
tinue to reach Malaya by way of Singapore. 

Fresh orange juice is popular in Malaya, 
but still largely a luxury. Various child clinics 
established in urban and rural areas are intro- 
ducing orange juice among the more modern 
feeding methods. Citrus-based drinks are popular 
with the Malavan masses and portable stalls fea- 
turing the sale of such drinks are found wherever 
Malayans assemble. 
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Table 2-75 


ESTIMATED CITRUS PRODUCTION OF 
PAKISTAN IN 1960 
(In Thousand Boxes) 


East West Total 
Pakistan Pakistan Pakistan 

Class of Citrus Production Production Production 
Sweet Oranges 2,668 2,668 
Mandarins 120 921 1,041 
Lemons aa 276 276 
Limes 168 386 573 
Grapefruit 2s 135 135 
Pummelo 81 ae 81 
Sweet Lemon bag 75 75 
Other Citrus she 15 15 
Total Production 369 4,476 4,845 


Pakistan 


East and West Pakistan are separated by 
about 1,100 miles of Indian territory, and con- 
nected by a 2,500 mile sea route. West Pakistan 
grows nearly 93 per cent of the total 40,000 acres 
of citrus plantings in Pakistan. Citrus plantings in 
East Pakistan consist of about 3,000 acres. 

The most extensive plantings in West Pak- 
istan are in the Rawalpindi, Lahore, Multan, and 
Bahawalpur divisions, which account for 31,000 
acres or about 77 per cent of the country’s total 
citrus acreage. Other important West Pakistan 
citrus-producing areas are in Peschawar, D. I. 
Khan, Khairpur, and Hyderabad divisions. 

Total citrus production of Pakistan in 1960 
was estimated at about 5 million boxes. Plantings 
include the Malta and Mosambi oranges, man- 
darins, acid and sweet lemons, grapefruit, and 
pummelos. Primary crops in 1960 were sweet 
oranges and mandarins, which accounted for 
about 2.6 million and 1 million boxes respec- 
tively. Estimated citrus production of Pakistan 
by class for 1960 is presented in table 2-75. 

The climate of West Pakistan varies from 
subtropical in the south to temperate in the 
north, while that of East Pakistan is tropical. 
Rainfall is heavy and soils are generally fertile 
in East Pakistan. During half the year, rainfall 
is inadequate in West Pakistan, which has been 
ravaged by floods for thousands of years, leading 
to waterlogged, saline, and barren land. In recent 
years, a system of modern canals has been built 
in West Pakistan and now more than 3.5 million 
acres are under irrigation. 

Citrus pests in Pakistan are extremely de- 
structive, particularly such Lepidoptera as the 
fruit-piercing moths, swallowtails, and leaf miners. 
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The scale insects, mealybugs, and whiteflies are 
of lesser importance but sporadically serious. 
Diseases are similar to those listed for India. 


Philippines 


Citrus plantings in the Republic of the 
Philippines are widely scattered. Major commer- 
cial areas are reported to be Southern Tagalog, 
Bicol, Eastern and Western Visayas, and Minda- 
nao. There are also some commercial plantings 
in Icocos, Cagayan Valley, and Central Luzon. 

Philippine estimates indicate there are 
about 60,000 acres on which some citrus is 
planted. On an equivalent solid-planting basis, 
total citrus plantings in 1962 were probably 
about 8,000 acres. Approximately 1,000 acres of 
these plantings could be classed as well-operated, 
commercial acreage. 

Philippine citrus is tropical quality fruit 
and yields are low. Of the total 1962 plantings, 
it was estimated that 42 per cent were mandarins, 
24 per cent pummelos, 20 per cent oranges, and 
14 per cent Calamondin (Calamonding). 

On the other hand, citrus production in 
1962 was estimated at 2 million boxes, made up 
of 41 per cent mandarins, 35 per cent pummelos, 
13 per cent Calamondin, and 11 per cent oranges. 

Mandarin varieties are reported to include 
the Szinkom, Ladu, King, Schiwikom, and Taikat. 
Commercial varieties of pummelos include Sia- 
mese, Pink Siamese No. 2, Amoy, and Portich. 
New orange plantings are mostly Valencia. 

Major citrus diseases are foot rot, psorosis, 
xyloporosis, cachexia, tristeza, citrus scab, pow- 
dery mildew, pink disease, melanose fungus, and 
canker. 

While the Manila market is reported at 
times to be over-supplied with low-quality, low- 
priced domestic citrus, the Philippines are a 
market for high quality citrus from other coun- 
tries. In the 1961-62 season, the United States 
exported 33,000 boxes of oranges to the Philip- 
pines. 

In 1961, the Philippines imported 6,000 
gallons of orange juice, 1,000 gallons of grape- 
fruit juice, and 500 gallons of lemon juice. The 
establishment of processing plants in the Philip- 
pines is under consideration. 

Difficult cultural problems in the Philip- 
pines indicate that it will continue to be a small 
domestic industry, unable to produce export 
quality fruit. Low yields and scattered pro- 
duction will probably also limit the growth of 
processing. 
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Other Far Eastern Countries 


Citrus fruits are grown in abundance, but 
chiefly for local use, in many other countries of 
the Far East. In numerous parts of Southeast 
Asia, both cultivated citrus and wild varieties 
may be found. The pummelos produced in cer- 
tain sections of Thailand are famous for their 
quality and are exported to some extent to 
nearby countries. Other citrus-growing countries 
of the Far East include Burma, Laos, Cambodia, 
North and South Vietnam, New Guinea, Papua, 
and the islands that make up Indonesia. 


SOUTH AMERICA 


Argentina 


In common with many other growing areas, 
the commercial citrus history of Argentina has 
been marked by a series of disasters. The first 
seedling groves were destroyed by foot rot and 
replanted with selected varieties propagated on 
fungus-tolerant sour orange rootstock. 

Between 1935 and 1955, most of these new 
groves were killed by tristeza virus, and present 
plantings are largely replants on tristeza-resistant 
stocks. On heavy soils trifoliate orange rootstock 
has been used. Rootstocks on lighter soils have 
included sweet orange, rough lemon, sweet lime, 
Rangpur lime, and Cleopatra mandarin. How- 
ever, trifoliate orange and Rangpur lime are 
susceptible to exocortis virus, sweet lime to xylo- 
porosis, and all the other rootstocks more or less 
to foot rot. Argentine citrus thus continues to 
be subject to severe disease problems. 

Total citrus plantings of Argentina in 1962 
consisted of about 81,000 acres. Large quantities 
of oranges in Misiones and Corrientes and lemons 
in Tucuman, Salta, and Jujuy provinces are not 
harvested. Production in these districts will prob- 
ably decrease and be supplanted by increasing 
crops from newly planted orange, mandarin, and 
grapefruit acreage near Buenos Aires. 

The estimated 1962-63 production of 23 
million boxes of oranges, 2.5 million boxes of 
lemons, and 1.3 million boxes of grapefruit can- 
not be considered an indication of commercial 
supplies, but merely of potential. It is doubtful 
that half of Argentina’s reported citrus produc- 
tion is harvested and sold and an even smaller 
quantity is of export quality. The Argentine trade 
estimates that most grapefruit is picked and sold, 
but 15 per cent of lemons and 30 per cent of 
oranges and mandarins either remain unpicked 
or decay in transit to market. The fine quality 
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fruit of Salta and Jujuy provinces is available 
only in limited quantity because of slow, inade- 
quate transport. 

Most new Argentine plantings are grapefruit, 
and at least 500,000 new grapefruit trees were 
planted in the 1963-64 season. 

Distribution and Climatic Conditions.— 
Argentina’s widely dispersed citrus industry is 
shown in figure 2-33. Estimated plantings by 
province for 1957 and 1962 and production figures 
for 1962 are presented in table 2-76. 

Average annual rainfall in some of the 
major citrus-growing provinces is as follows: 
Corrientes, 46 inches; Entre Rios, 41 inches; 
Tucuman, 37 inches; Salta, 27 inches; and Jujuy, 
39 inches. Argentine rainfall is mostly distributed 
from October through March. 

On the coastal plain at Bella Vista in Cor- 
rientes Province, mean maximum temperatures 
are 92° F in January and 68° F in July, and 
mean minimums are 68° F in January and 50° F 
in July. In the interior province of Jujuy, where 
the elevation is much higher, mean maximums 
are 82° F in January and 66° F in July, and mean 
minimums are 59° F and 39° F, respectively. 

Argentine climatic hazards are drought, 
hail, and frosts. Citrus trees in Entre Rios Prov- 
ince were damaged by frosts in 1943, 1945, 1955, 
1957, and 1963. 

Varieties—Many seedy, locally selected 
oranges called Criolla are grown, but new orange 
plantings are primarily such varieties as Wash- 
ington navel, Pera, Lue Gim Gong, and Calderon. 
Nearly all grapefruit is Marsh Seedless, and 
lemons are an Italian variety called Genova. 
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Citrus normally blooms in July in the 
earliest areas and extends to October in late 
districts. Navel oranges mature between March 
and June and Valencia oranges between July and 
October. The principal lemon crops are harvested 
from May to August and in October and Novem- 
ber. Citrus bloom and harvest periods by pro- 
ducing area are shown in table 2-77. 

Argentine names for citrus and their Eng- 
lish equivalents are as follows: naranjo, orange; 
mandarino, tangerine; campeona or bergamota, 
large tangerine or in some cases hybrids or 
tangelos; pomelo, “ie sada toronja, shaddock; 
limon, lemon; limon dulce, sweet lemon; lima or 
limon sutil, West Indian lime; and citra, citron. 

Cultural Practices.—Argentine citrus cul- 
ture is extensive rather than intensive, and cultu- 
ral care varies greatly. 

Citrus in Salta and Jujuy provinces—1,000 
miles from Buenos Aires—is planted at an eleva- 
tion of 2,100 to 3,000 feet on deep, light, sandy 
loam soils. Most plantings are large, consisting 
of 200 to 300 acres. Although these are the best 
citrus areas of Argentina, citrus competes for 
land with sugar cane and winter vegetables, and 
is a side-line crop of some of the large sugar 
estates. All groves are well spaced, ie chanically 
tilled, irrigated, and sprayed, and a few are 
fertilized. Gravity water supplies are abundant. 
Certain estates plant citrus on unleveled land, 
creating irrigation problems. 

Fine quality, well-colored oranges can be 
produced in Salta and Jujuy provinces. Most 
citrus is graded and wrap-packed for sale in 
Buenos Aires, where it brings the highest prices. 


Table 2-76 


TOTAL ARGENTINE CITRUS ACREAGE AND COMMERCIAL PLANTINGS IN 1957 
AND TOTAL CITRUS ACREAGE AND PRODUCTION IN 1962 BY PROVINCES 


Plantings in 1957 


Commercial 
All Citrus Citrus Commercial Citrus Production for 1962° 
(In Thousand (In Thousand in 1962 (In (In Thousand Metric Tons) 

Producing Province Acres) Acres) Thousand Acres) Oranges Lemons Grapefruit 
Buenos Aires: 61 15 9 

San Pedro District 20 10 12 Per ot seat 

Delta District 2 l 2 sts me 
Entre Rios 47 35 39 53 5 10 
Corrientes 63 6 6 214 7 7 
Misiones 14 3 4 43 3 1 
Tucuman 40 10 8 37 37 1 
Salta and Jujuy 9 4 4 77 15 J 
Other 20 5 5 36 6 3 

Total 215 76 80) 521 88 2 


* Includes unharvested citrus which may exceed 50 per cent production in Corrientes and Misiones. 
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New plantings since 1955 have been on tristeza- 
tolerant rootstocks such as sweet orange, Cleo- 
patra mandarin, and rough lemon. 

In Tucuman Province, cultural care is cas- 
ual, and trees once planted may only be culti- 
vated. Soils vary from sandy to black loams, and 
most groves are under 60 acres. Young groves are 
interplanted with annual crops, and cattle often 
graze in older groves. 

About one quarter of Tucuman groves are 
irrigated. Although gravity water is limited, 
water is available at a depth of about twenty feet 
for pumping in most areas. Some frost occurs in 
most years. There is little export of citrus, and 
oe some fruit is packed, large quantities 
are sold in bulk. New plantings are on sweet 
orange, Cleopatra mandarin, Rangpur lime, and 
rough lemon rootstocks. 

In the Misiones district, only 25 per cent 
of the citrus plantings can be considered com- 
mercial. The shallow, red clay soil erodes when 
the jungle is removed for clean cultivation. Citrus 
groves are planted on rolling ground near jungle 
and no irrigation is practiced. Some groves are 
sprayed and a few are fertilized, but cultivation 
is usually limited to hoeing around trees and 
cutting weeds. Most Misiones groves produce 
disfigured fruit suited only to domestic markets, 
although with proper cultural care export quality 
citrus can be produced. 

Trees have a short commercial life and 
compete with crops such as tea, yerba maté, 
mandoica, tung, and hard and pulp wood. This 
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primitive citrus area is distant from both domes- 
tic and export markets. Trifoliate root is used on 
heavy soils, and rough lemon, sweet orange, and 
Cleopatra mandarin rootstocks are used on light 
soils. 

Citrus in Corrientes Province is exten- 
sively planted in sandy loam soil on rolling 
ground near lakes and the Parana River. Older 
plantings are seedy oranges called Criolla, which 
are sold fresh, and hauled to Bella Vista for proc- 
essing. Plantings since 1950 are such late varie- 
ties as the Lue Gim Gong, Valencia, and Pera. 
The major rootstock is Persian lime. 

Corrientes groves are unirrigated and many 
are neither sprayed nor fertilized. Groves are large 
and mechanically tilled. They generally receive 
poor care. Half of the crop is lost to fruit flies 
in most seasons and the low-grade seedy oranges 
are sold cheaply in Buenos Aires. Despite favor- 
able growing conditions, little export quality cit- 
rus is likely to be produced in Corrientes Prov- 
ince and only about 10 per cent of the plantings 
can be considered commercial. 

Entre Rios Province is one of the best citrus 
areas of Argentina. Groves receive generally 
good care, and most plantings are in commercial 
condition. Fruit is graded and packed by modern 
machinery (fig. 2-34). The extensive plantings on 
rolling ground with light soil resemble those of 
Florida. 

Groves are planted about 83 trees to an 
acre and are well-fertilized and sprayed. Most 
groves are not irrigated. About half of the planted 


Table 2-77 
ARGENTINE CITRUS BLOOM AND HARVEST PERIODS BY PRODUCING PROVINCE 


Harvest Period 
Valencia and 


Navel and Hamlin Lue Gim Gong 
Producing Province Bloom Oranges Oranges Lemons 
Salta and Jujuy Aug.—Sept.—Oct. April-May Aug.-Dec. May-June 
Oct.-Nov. 

Tucumaén® Aug.—Sept. May-July Oct.—Feb. si 
Misiones July-Sept. Feb.—Mar. July-Dec. 
Corrientes® Aug. April Sept.—Oct. 
Entre Rios® Aug.-Sept. June-Aug. Sept.-Dec. 
Buenos Aires: 

San Pedro District® Sept.—Oct. March-Aug. aes ar 

Delta District® Sept.-Oct. May-Oct. June—Aug. May-Sept. 

july (forced bloom) ans shee Feb. 
* Blooms follow cool temperature-induced steed 
t Blooms may also follow periods of drought broken by rainfall. 
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area is in mandarins and about 30 per cent in 
oranges. Lemons are grown on sour orange and 
other citrus is on trifoliate orange and rough 
lemon rootstocks. 

Buenos Aires Province has two very dif- 
ferent types of citrus areas at San Pedro and the 
Delta. Oranges at San Pedro are planted along 
the Parana River in deep, sandy loam soil on 
sloping ground. Groves are large, usually over 
100 acres, and trees are well spaced. Citrus is 
mechanically tilled, unirrigated, and sprayed for 
pests and fungus diseases. Well-colored, rather 
acid navel oranges are grown on trifoliate orange 
rootstock for harvest from May to November. 
While the frost hazard is serious, export quality 
fruit can be produced at San Pedro. 

Citrus groves in the Delta area are small, 
ranging from two to ten acres. All are planted 
on delta land at the junction of the Uruguay and 
Parana rivers, never more than ten feet above 
the river water. The area is subject to floods, and 
all transport is by boat. 

The Delta region is the one intensive citrus 
area in Argentina. All groves are hand cultivated, 
drained, sprayed, and fertilized. Lemons are the 
aie citrus grown, and most fruit is hauled 
in sacks by boat to the Buenos Aires-Tigre mar- 
ket, about forty-five miles away. The Delta is 
the major source of lemons for Buenos Aires from 
June through July. A few lemons have been ex- 
ported, but decay problems have proven serious. 

Pests and Diseases.—The South American 
fruit fly is considered the most important citrus 
pest in all areas of Argentina, followed by Cali- 
fornia red scale. Other pests include various fruit 
flies, Florida red scale, white scale, purple scale, 
mites (rust, bud, six-spotted, and silver), red 
spider, locust, leaf-cutting ants, and blue birds 
and parrots. 

The most serious diseases include tristeza, 
exocortis, xyloporosis, leprosis (known as “lepra 
explosiva” in Argentina), foot rot, scab, and citrus 
canker. 

Argentine Marketing.—Nearly all Argen- 
tine citrus is used as fresh fruit, and consump- 
tion is estimated at 40 pounds per capita annually. 
In 1963, Argentina exported 240,000 boxes of or- 
anges, including 215,000 boxes to West Germany, 
18,000 boxes to the Netherlands, 5,000 boxes to 
the United Kingdom, and 2,000 boxes to Norway. 
Grapefruit exports consisted of 24,000 boxes, with 
14,000 boxes going to West Germany and 10,000 
boxes to the United Kingdom. Citrus exports 
were relatively insignificant in 1963, and no ex- 
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ports of lemons or mandarins were made in either 
1961 or 1962. Oranges are available for export 
from May through November and lemons and 
grapefruit from May through September. 

Argentine citrus imports are relatively 
small, but in 1961 about 390 metric tons of lem- 
ons and 162 metric tons of oranges were im- 
ported, mostly from Chile, which occasionally 
sends small supplies of citrus to nearby markets 
in Argentina. 

Argentina has the largest citrus processing 
industry in South America, although in 1959 it 
had the estimated capacity to utilize only 5 per 
cent of citrus fruit production. Principal products 
were canned single-strength juices and preserved 
concentrates for use in the production of domestic 
soft drinks. 

Production of canned, single-strength 
juices did not begin on a large scale until 1961, 
when a company in Entre Rios started producing 
single-strength orange and grapefruit juices and 
blended orange, grapefruit, and lemon juices. 
Other firms in the Concordia district and Mi- 
siones Province now produce single-strength juice 
and concentrate. Sample analyses data on juice 
characteristics of selected Argentine citrus are 
presented in table 2-78. 

Shortages and high orange juice prices in 
1963 gave a new stimulus to processing for ex- 
port, and existing facilities were expanded and 
new plants were built, mostly near Concordia in 
Entre Rios Province. Plants located near Con- 
cordia had road and river transport available 
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Fig. 2-34. Interior of a modern Argentine packinghouse. 
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Table 2-78 


JUICE CHARACTERISTICS OF ARGENTINE 
ORANGES AND GRAPEFRUIT, 1963° 


Juice Citric 
Content Acid Solids- 

Variety and (Per (Per Brix Acid 

Month Cent) Cent) (Degrees) Ratio 
Valencia 

Oranges: ) 

August 50 1.10 10.0 9.1 

September 51 0.95 10.2 10.7 

October 50 0.90 9.8 10.9 

November 46 0.80 9.4 11.8 

December 44 0.75 9.5 12.7 
Marsh Seedless 

Grapefruit: 

June 48 1.55 7.5 4.8 

September 44 1.45 8.5 5.9 

October 45 1.40 8.5 6.1 

November 45 1.30 8.0 6.2 

December 43 1.25 7.5 6.0 


* Fruit samples from Entre Rios and Corrientes prov- 
inces. 


to Buenos Aires and access to salvage orange 
supplies from Corrientes Province. 

In 1964, production of products was esti- 
mated at 5,000 metric tons of preserved concen- 
trated juice, 3,000 metric tons of frozen con- 
centrates, and 5,000 metric tons of single-strength 
juices, canned and chemically preserved. Most 
production was orange juice, and some essential 
oils of orange and lemon were also produced. 
All frozen concentrates were exported. 

Processors were reported to have used 
80,000 metric tons or about 2.5 million boxes 
of citrus, mostly oranges, in 1965. The frozen 
concentrate output was not as great as expected 
because of the inability to export at remunera- 
tive prices. Production was estimated as 4 mil- 
lion liters of canned and chemically preserved, 
single-strength citrus juice, about 5,000 metric 
tons of preserved concentrates, and about 5,500 
metric tons of frozen concentrated juice for 
export. 

Processing in Argentina is well established, 
and will be sustained by the growing domestic 
market for industrial and consumer-packaged 
juices. Argentina may be expected to continue 
to export some citrus products, mostly to west- 
ern Europe. 

All Argentine citrus areas are fruit fly 
infested, and fruits with good maturity for proc- 
essing are apt to contain some fruit fy eggs and 
larvae. Fruit fly infestation and the high cost of 
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tin cans and freight will continue to be restrain- 
ing factors in processing. In 1964, processors are 
reported to have paid over 8 cents (U.S.) each 
for No. 2 cans and over 4 cents (U.S.) each for 
six-ounce Cans. 


Brazil 


Brazil is the largest orange producer in 
South America, and the development of its com- 
mercial industry has occurred largely since World 
War I. Brazilian citrus is grown primarily for the 
domestic market. Although citrus exports are 
larger than those of other South American coun- 
tries, Brazil has never been a major producer of 
export citrus. 

The potential of orange production in Bra- 
zil is almost unlimited; vast areas exist where 
oranges can be produced without irrigation and 
with minimum care. The limiting factors in pro- 
duction, however, are disease, fruit quality, trans- 
portation, and the quantity of fruit that can be 
sold at a profit. 

Brazil's major citrus production is in or- 
anges and mandarin-type varieties, and _ total 
orange and mandarin plantings in 1957 were esti- 
mated at 80,000 to 100,000 acres, only 25,000 
acres of which were capable of producing export 
quality fruit. By 1961-62, plantings were esti- 
mated at 110,000 acres, but only 50,000 acres 
could be considered commercial. In 1965, total 
plantings were estimated at about 125,000 acres, 
primarily in the state of Sao Paulo, and about 
40,000 acres were capable of producing export 
quality fruit. 

Brazilian citrus production in 1965 was 
estimated at about 26 million boxes, including 
17 million boxes of oranges, 3.5 million boxes of 
mandarin-type varieties, 0.5 million boxes of lem- 
ons, and 300,000 boxes of grapefruit. Brazilian 
citrus production for selected years from 1939 
through 1961 is shown by state and variety in 
table 2-79. 

Distribution and Climatic Conditions.— 
Although citrus fruits are grown in over twenty 
states in Brazil, principal commercial areas are 
near the coast (fig. 2-35). The most extensive 
plantings are in the states of Sio Paulo and Rio 
de Janeiro, with smaller areas in Minas Gerais, 
Rio Grande do Sul, Parana, and Sar.ta Catarina 
(table 2-79), 

Many of the major producing areas, such 
as those around the city of Sao Paulo, are at 
elevations of over 2,000 feet, but frost sufficient 
to cause fruit injury is rare. The frost hazard, 
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Table 2-79 


BRAZILIAN COMMERCIAL ORANGE PRODUCTION 
BY STATE AND OTHER COMMERCIAL CITRUS 
PRODUCTION; AVERAGE, 1935-39 AND 1949-52; 

ANNUAL, 1956 AND 1961° 
(In Million Boxes) 


Estimated Commercial Production 


Class of Citrus Average Average 


and State 1935-49 1949-52 1956 1961 f 
Oranges: 
Sao Paulo 4.5 2.6 5.2 8.8 
Rio Grande do Sul 0.5 0.4 0.5 0.6 
Parana 0.4 0.3 0.3 0.4 
Santa Catarina 0.4 0.6 0.5 0.5 
Minas Gerais 2.5 1.2 1.0 1.2 
Rio de Janeiro 6.0 3.5} 1.5 2.0 
Other States 4.7 3.5 3.0 3.5 
Total Oranges 10.0 12.1 }2.0 17.0 
Mandarins 4.0 2.0 3.0 3.5 
Lemons 0.5 0.4 0.5 0.5 
Grapefruit 0.6 0.3 0.3 0.3 


Total AllCitrus 24.1 148 158 213 
Citrus Suitable 
for Export 6.0 1.5 2.0 4.0. 


* Production given for the year of bloom: August and 
September of the year shown. 

t Official Brazilian data show over 50 million boxes. 

t Most orange plantings were destroyed by tristeza dur- 
ing this period. 


although very slight, is greatest near the coast 
around Limeira, and the Brazilian interior is said 
to be frost free. 

Rainfall in the various citrus areas ranges 
from 40 to 70 inches or more annually, mostly 
distributed in the summer from September to 
April. Average annual rainfall of selected points 
is as follows: Limeira, SAo Paulo, 59.9 inches; 
Taquari, Rio Grande do Sul, 46.9 inches; Uni- 
versidad Rural, Rio de Janeiro, 43.3 inches; Belo 
Horizonte, Minas Gerais, 46.6 inches; and Salva- 
dor, Bahia, 72.8 inches. 

At Limeira in the coastal valley area of 
Sado Paulo State, mean maximum temperatures are 
86° F in January and 76° F in July, and mean 
minimums are 65° F and 55° F, respectively. 
Farther north in Bahia State, mean maximums 
in Salvador are 86° F in January and 79° F in 
July; mean minimums are 74° F and 69° F, 
respectively. 

There are considerable temperature varia- 
tions between day and night in the citrus dis- 
tricts, especially in the dry winter period, and 
the bloom cycle of trees is affected both by tem- 
perature and rainfall. There is little rainfall in 
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the orange harvest season from April to Septem- 
ber, which aids harvesting, but also means that 
groves are often dry in August, when oranges 
start to bloom. In some years, the first bloom is 
lost because of drought. While the main orange 
bloom is in August, oranges have other blooms 
during the year, which sometimes produce sub- 
stantial quantities of out-of-season fruit. 

Varieties.—Brazil’s most important orange 
varieties are the Pera, the Bahianinha, and the 
Hamlin. There are many strains of each and thus 
considerable variation within varieties. The Pera, 
which represents 30 per cent of commercial plant- 
ings, is the best-known, late export variety, and 
will continue to be Brazil’s major export orange. 
Trees are vigorous and produce well. Pera fruit 
is suitable for processing. 

Brazil's most important early export orange 
is the Bahianinha, a navel-type fruit said to be 
a sport of the Bahia or Washington navel, which 
represents about 30 per cent of commercial 
acreage. Trees are round-shaped like the Wash- 
ington navel, and yields ‘ee tree are high. Ba- 
hianinha fruits are large, but the navel is small. 

The Hamlin is the third most important 
export orange variety, representing about 5 per 
cent of commercial acreage. Trees produce high 
yields of medium-sized fruit. This variety is said 
to be too acid for domestic taste, and most pro- 
duction is exported. 

About 35 to 40 per cent of commercial 
acreage is planted to citrus varieties suitable only 
for the domestic market. This includes orange 
seedlings and the Washington navel (Bahia), the 
Bardo orange, and the Laranja Lima or sugar 
orange. The Washington navel, comprising 5 per 
cent of commercial production, produces fruit 
too large for export. The Barao, also comprising 
© per cent of production, is a small, sweet, dry 
orange. The Laranja Lima represents about 10 
per cent of commercial plantings and is an early, 
acidless orange. 

Mandarin-type varietics make up about 
12 per cent of Brazilian citrus, and are a major 
crop in the Sao Paulo area. Almost 10 per cent 
of the citrus trees in Sao Paulo are of the Cravo 
tangerine variety. The second most important 
mandarin types are the Ponkan and the Mexerica 
do Rio (Willowleaf). There are small commercial 
groves of Dancy and Murcott tangerines. Brazil 
also produces grapefruit, lemons, limes, and other 
minor citrus. 

Brazilian names for citrus fruits and their 
English equivalents are as follows: laranja, or- 
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ange; laranja Bahia, Bahiana, and Bahianinha, 
navel orange; laranja lima, acidless orange; Mex- 
erica, bergamota, and tangerina, common tan- 
gerine or mandarin; laranja cravo, large tangerine 
or the mandarin group; ponkan, largest tangerine 
or the mandarin group; pomelo, grapefruit; tora- 
nia, pummelos; limao, lemon; limao doce, sweet 
lemon; limao pequeno or limao galego, lime; and 
lima da Persia, sweet lime. 

Cultural Practices.—Most Brazilian citrus 
is raised as permanent sod culture and receives 
little care. Groves are generally planted on slop- 
ing terrain in deep, sandy loam soils, and some 
orchards are contour planted. 

Few citrus plantings are irrigated, and 
during periods of dry winter and spring weather 
trees may suffer from lack of moisture. While the 
advantages of increased yields through irrigation 
have been demonstrated in Brazil, few growers as 
yet are prepared to irrigate. Since adequate water 
is available for irrigation in most areas, com- 
mercial groves may be irrigated eventually. 

Brazilian plantings are generously spaced; 
24 by 24 feet or 30 by 30 feet. Groves in Sao 
Paulo are large and usually over 100 acres. In 
1957, there were at least four groves in Sao Paulo 
of over 1,500 acres, and if present planning is 
carried out a grove at Bededouro may become 
one of the largest in the world. 

The export-producing groves of Sao Paulo 
receive the best cultural care in Brazil. Sio Paulo 
groves are clean cultivated in the dry winter 
months from May to September, and weed cover 
crops are grown in the wet, hot summer. When 
rainfall prevents cultivation, weed crops may be- 
come extremely heavy. Deep cultivation is prac- 
ticed using tractor-drawn equipment that is larger 
and heavier than that used in the United States. 

Pests and Diseases.—The greatest loss of 
citrus fruit in Brazil is caused by three flies: the 
Mediterranean and South American fruit flies 
and the citrus blossom fly. Up to 50 per cent of 
the late orange crop is sometimes destroyed by 
fruit flies. Fly damage is greatest in the warm 
interior areas such as Bededouro. Flies are also 
especially serious pests near Sao Paulo, where 
coffee, their favored host, is extensively grown. 

Citrus scales are severe pests in Brazil, 
particularly in young groves. Florida red scale 
and purple scale are the most damaging. Rust 
mite is a major pest in all areas. Argentine ants 
and leaf- -cutting ants damage citrus foliage. The 
black aphid is not only a tree -damaging pest, 
but is also a vector of tristeza virus. 


Google 


161 


The expansion of citrus production in Bra- 
zil has been limited by virus diseases. Tristeza 
has been the most dramatically devastating dis- 
ease in Brazilian citrus history. The ravages of 
tristeza reduced Brazilian citrus acreage for many 
years to only a small fraction of the 200,000 acres 
present before 1938. Nearly 10 million trees were 
destroyed in Sao Paulo State alone. 

“Replantings following the tristeza attack 
restored Brazil's importance as a citrus produc- 
ing country. Oranges, mandarins, and grapefruit 
were replanted on tristeza-tolerant rootstocks. 
Major rootstocks in order of importance are the 
Rangpur lime (80 per cent), Caipira sweet or- 
ange, sweet lime of Israel (Lima da Persia), and 
trifoliate orange. Sweet lime, Rangpur lime, and 
trifoliate orange are affected by such other virus 
diseases as exocortis and xyloporosis, 

Tree-killing fungus diseases such as foot 
rot and rubelosis are also present in Brazil. Old 
lemon groves budded on sweet orange rootstock 
are generally infected with foot rot. Fruit-damag- 
ing fungus diseases include melanose, stem-end 
rot and two types of scab: sour orange scab, 
which is severe on bitter oranges, lemons, and 
grapefruit, affecting both fruit and foliage; and 
sweet orange scab, which primarily affects fruit. 

Citrus canker (cancrosis A) was identified 
in an interior citrus district in the state of Sao 
Paulo in 1957. This virulent strain affected an 
area of about 120 miles by 50 miles, resulting 
in a quarantine near the town of Presidente 
Prudente. 

The commercial life of new orange groves 
planted in Brazil since 1946 will continue to be 
limited by both virus and other diseases. The new 
groves cannot be considered long-lived and re- 
plantings to combat diseases may be expected. 

Brazilian Marketing. —The bulk of Bra- 
zilian citrus is consumed domestically as a fresh 
fruit in the country’s major cities ‘and citrus- 
producing areas. In 1957, Sio Paulo’s estimated 
4.5 million people consumed between 2.5 and 
3 million boxes of oranges and mandarins or 
about 30 to 40 pounds per capita. In the same 
vear, Rio de Janeiro’s 2.5 million people con- 
sumed about 1 million boxes or approximately 
25 to 30 pounds per capita. 

Limitations on the growth of domestic 
consumption are purchasing power, a short win- 
ter producing season, and quality of fruit. If a 
market should be developed for fresh or proc- 
essed juice, Brazilian domestic consumption might 
increase. 
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Table 2-80 


BRAZILIAN ORANGE AND GRAPEFRUIT 
EXPORTS; SELECTED YEARS, 1938 TO 1963 
(In Thousand Boxes) 


Orange Exports 
Total Total 
Orange Grapefruit 

Year Argentina Europe Exports Exports 
1938 1,207 4,212 5,499 184 
1940 2,007 838 2,863 ] 
1945 1,246 137 1,400 
1950 1,270 1,147 2,417 9 
1955 772 660 1,448 3 
1957 200 1,300 1,500 5 
1958 daisy 2,285 2,285 50 
1959 hie 3,509 3,509 20 
1960 22 3,519 3,541 60 
1961 13 3,535 3,548 50 
1962 37 2,810 2,847 69 
1963 189° 4,040 4,332 109 





* Includes other areas. 


Brazil first began exporting oranges in 
about 1916 to Argentina, and European exports 
began in 1926. Citrus exports reached their peak 
about 1939, when exports to Argentina totalled 
over 2 million boxes and to western Europe about 
3.5 million boxes (primarily to the United King- 
dom). World War II halted the European trade, 
and reduction of citrus acreage by tristeza virus 
limited the availability of export fruit. By 1945, 
exports had declined to less than 1.5 million boxes 
(table 2-80). 

While Brazilian exports have yet to reach 
the pre-World War II i: over 4.4 million boxes 


Table 2-81 


BRAZILIAN CITRUS EXPORTS BY COUNTRY OF 
DESTINATION FOR 1963° 
(In Thousand Boxes) 


Country of 

Destination Oranges Lemons Grapefruit 
Belgium-Luxembourg 149 1 1 
Canada 103 ae saa 
Finland 21 ine 3 
France 795 See, 25 
Hong Kong 2 ae sie 
Netherlands 341 5 
Norway 27 aes 
Switzerland 71 gas caus 
United Kingdom 1,020 3 67 
West Germany 687 ] 16 
Other Countries 116 sas — 

Total Exports 4,332 10 109 


* Estimated for the nine-month pcriod from January 


through September. 


Google 


THE CITRUS INDUSTRY 


of citrus were exported in 1963. Brazilian citrus 
exports by destination for 1963 are shown in 
table 2-81. 

Brazilian oranges have no outstanding com- 
petitive advantages in the export market. They 
usually sell at discounts below Californian and 
South African fruit because of size, appearance, 
and condition. European exports are made in vol- 
ume from May through September, and consist 
of about 65 per cent late Pera oranges, 20 per 
cent unspecified orange varieties (mostly Ham- 
lins), and 15 per cent navel oranges. As produc- 
tion rises in the state of Sado Paulo, Brazilian 
orange sizes will become larger. Increased Sao 
Paulo production will lead to a shorter export 
season, ending in Europe about September 15. 

The Brazilian Ministry of Agriculture en- 
forces minimum citrus export standards. Export 
oranges must contain 40 per cent juice and have 
a peel 50 per cent full-colored. Only 15 per cent 
of standard grade fruit may have peel defects. 
Artificial coloring of fruit is permitted. 

Oranges from Sao Paulo State and south- 
ern Brazil are required to have juice with a 6.5:1 
sugar-acid ratio, and those from Rio de Janeiro 
and the Brazilian coastal plain must have an 8:1 
sugar-acid ratio. Sample analyses data on juice 
characteristics of selected citrus from Campinas 
in the state of Sado Paulo for 1956 are given in 
table 2-82. 

Export grapefruit from Sado Paulo State 
and southern Brazil must have 50 per cent full- 
colored peel, 30 Ld cent juice content, and juice 
with a sugar-acid ratio of 5:1. 

Processing.—The growth of citrus proc- 
essing in Brazil is a recent development, and 
as late as 1957 consisted mostly of the extraction 
of essential oil by fresh fruit packers who used 
dropped and unsalable fruit. 

Trade sources estimate that Brazil pro- 
duced about 25,000 pounds of raw lemon oil and 
5,000 pounds of raw orange oil in 1956. Brazilian 
lemons yield about 8.5 to 10 pounds of oil per 
metric ton of fruit. Some neroli (orange flower 
oil) and petit grain (orange leaf oil) are also 
produced. 

The scattered nature of Brazilian produc- 
tion has made only small quantities of fruit avail- 
able and suitable for juice production. Almost 
one-third of production is of low-acid varieties 
for the local market, and these fruits have a low 
solids content and are a poor juice source. Navel 
oranges, another significant portion of Brazil's 
production, are not suitable for processing. While 
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Table 2-82 
CITRUS pet CHARACTERISTICS OF SPECIFIED VARIETIES FOR CAMPINAS, SAO PAULO, 1956 





Class of Citrus, 


Variety, and Rootstock Month 
Domestic Oranges: ® 

Laranja Lima on Rangpur Lime May 

Laranja Lima on Sour Orange May 

Bardo on Sweet Orange July 
Early Export Oranges: ° 

Hamlin on Sweet Orange May 

Bahianinha on Rangpur Lime May 

Bahianinha on Sweet Orange June 
Late Export Oranges: t 

Pera on Sweet Orange May 

Pera on Sweet Lime May 

Pera on Sweet Orange September 

Lue Gim Gong on Rangpur Lime May 

Valencia on Sweet Orange May 

Natal on Sweet Orange May 
Lemons: 

Eureka on Sour Orange May 














Juice Characteristics 





Juice “Acid ~ Sugar- 
Content Content Brix Acid 
(Per Cent) (Per Cent) (Degrees) Ratio 
50.0 0.13 8.4 64.6 
56.6 ().10 8.7 87.0 
41.2 0.37 9.5 25.7 
36.1 1.14 10.6 9.3 
40.9 0.67 10.5 15.6 
46.2 0.85 12.1 14.2 
44.7 1.04 9.6 9.2 
39.4 2.05 9.2 45 
51.1 1.03 14.4 14.0 
36.1 3.79 11.0 2.9 
37.1 2.37 10.7 4.5 
42.8 1.73 9.5 5.5 

34.3 6.38 





Source: Compiled from data sup pplied by the Instituto Ayronomico, Campinas, Brazil. 


° Harvested from April through August. 
t Harvested fom July to November. 


the Pera orange is suitable for processing, it is 
generally priced high. The Hamlins are usually 
in demand for export, and the seedlings, while 
excellent as a juice source, are rarely produced 
in quantity in commercial citrus districts. 

World shortages of orange juice in 1963 
and 1964 stimulated the development of modern 
processing in Brazil as European and North 
American juice producers and marketers searched 
the world for supplies. Plants were hastily con- 
structed in 1963, and Brazil became a processor 
and exporter of chilled ard frozen concentrated 
orange juice. The two plants in operation are 
reported to have used over 2 million boxes of 
oranges. Brazilian orange juice exports in 1963 
totalled 1,580 metric tons, about half of which 
went to West Germany. The balance was ex- 
ported to Canada, the Netherlands, United States, 
Israel, and the United Kingdom. 

By 1964, four processing plants were in 
operation at Matao, Araraquara, and Bebedouro, 
consuming a total of 4 million boxes of oranges 
during the year. In 1965, reports of unsold stocks 
of Brazilian juice were a possible forecast of 
future problems in export marketing. Similarly, 
reports of the domestic markcting of orange, 
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lemon, and grapefruit juice mixtures were a fore- 
cast of the development of a local market, neces- 
sary for the survival of citrus processing in Brazil. 

The future of Brazil's processing industry 
was uncertain in 1965. A domestic juice industry 
capable of absorbing at least half of the citrus 
products produced would seem to be essential. 
Processing for export will prove highly competi- 
tive as juice prices reach usual levels. 

Some Brazilian juice products will un- 
doubtedly be exported to Europe; however, the 
presence of fruit flies, which could result in juice 
contamination, will probably restrict exports to 
the United States. The most important limiting 
factor will probably be the cost of low volume 
seasonal operation. 


Chile 


Chile has produced some citrus for over 
two hundred years, but commercial development 
is relatively recent. A number of factors, includ- 
ing frost, limit the Chilean citrus industry, and 
any future expansion will be slow. 

Estimated citrus plantings in Chile in 
1961-62 were about 22,000 acres, including 12,000 
acres of oranges and 10,000 acres of lemons. This 
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Table 2-83 


CHILEAN ORANGE AND LEMON PRODUCTION 
AND EXPORTS; AVERAGE, 1935-39 AND 1953-57; 
CROP YEARS, 1958-59 TO 1964-65° 





(In Thousand Boxes) 
Production Exports 

Year Oranges Lemons Oranges Lemons 
Average: 

1935-39 300 300 17 sshs 

1953-57 800 600 ae 65 
Crop Year: 

1958-59 1,700 1,100 secs 34 

1959-60 1,417 1,200 a 75 

1960-61 1,433 1,200 ses 83 

1961-62 1,512 1,300 as 84 

1962-63 1,244 1,300 181 

1963-64 1,339 1,300 Bits 

1964-65 1,260 1,300 oo 

® Boxes of the following weights: oranges, 70-lb; 


lemons, 76-Ib. 


was only a slight increase in plantings since 1955, 
when there were an estimated 10,500 acres of 
oranges and 8,000 acres of lemons. 

Total Chilean citrus production has grown 
from 600,000 boxes in 1935 to over 2.5 million 
boxes in 1965. Orange and lemon production and 
export estimates for selected years from the 
1935-39 period to 1964-65 are presented in 
table 2-83. 

Distribution and Climatic Conditions.— 
Most Chilean citrus production is within a hun- 
dred miles north and south of the capital city 
Santiago (fig. 2-36). The Peumo-San Vicente Val- 
ley is the most important lemon and orange pro- 
ducing area, followed by scattered plantings on 
the Pacific Coast south and west of Santiago, 
mostly near the road to San Antonio. 

Frostless areas of lemon production are 
located north of Valparaiso at Quillota and La 
Ligua. West Indian limes are grown at Pica near 
the Peruvian border. 

There is a vast climatic range in Chile, 
whose 2,600-mile length stretches from a tropical 
desert in the north, through the temperate zone, 
and finally ends in cold, bleak, rocky islands. In 
the citrus-producing areas around Santiago, sum- 
mers are cool and dry and winters are wet. 
Average arfnual rainfall at Santiago is 14 inches, 
distributed mostly from May through September. 
The mean maximum temperatures of Santiago 
are 85° F in January and 59° F in July; mean 
minimums are 53° F and 37° F, respectively. 
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The major climatic hazard to the Chilean 
citrus industry is frost. In June and July of 1954, 
minimum temperatures dropped to 18° F and 
freezing temperatures lasted a week. This was 
the heaviest frost ever recorded in Chile. Oranges 
and lemons were frozen and lemon trees de- 
foliated; it took two years for citrus trees to 
recover. 

Varieties.—Nearly half of Chilean oranges 
are Washington navels. A group of local, seedy 
oranges called Tuncana, which cannot be _tree- 
stored, are second in importance; the Thomson 
navel orange ranks third. About 10 per cent of 
citrus acreage is planted to Valencias. 

A group of lemons known as the Genova 
comprise most of the lemon production. These 
upright-growing trees have oval limbs with a nar- 
row edge on top, similar to the Italian Femmi- 
nello variety. A small amount of lemon acreage is 
in Eureka lemons, introduced from California. 

Chilean words for citrus varieties and their 
English equivalents are as follows: naranjo, or- 
ange; mandarina, tangerine; limon, lemon; lima, 
sweet lemon; limon de pica, lime; and pomelo, 
grapefruit. 

Chilean oranges normally bloom in Octo- 
ber and November. Thomson navel oranges may 
be harvested in late May. Both Valencia and 
Washington navel oranges are tree-stored. The 
Washington navels are harvested from July to 
September; Valencias are harvested from Septem- 
ber to December, and some are picked even later. 

Lemons normally bloom in late September 
and October, and a crop that is comparable to 
U.S. winter lemons is harvested from June through 
August. Export lemons are not ready for picking 
before June 15, and at that time usually are still 
green or only breaking in color. The second 
bloom of lemons—usually early in June—pro- 
duces a summer crop that is harvested in March 
and April. This second crop represents only 
about 25 per cent of production, and since the 
harvest is around Easter it is known as Cuares- 
mero. Lemons in Chile have other minor blooms, 
and some fruit is harvested every month. 

Cultural Practices.—Chilean citrus groves 
are planted in valleys on sandy, loam soils. All 
groves are irrigated by the basin method with 
gravity water that usually has a moderate-to- 
high salt content. While some groves are closely 
spaced, mixed plantings, most citrus production 
comes from groves planted for tractor tillage. 
Only 10 per cent of the groves receive good care. 

Cultural practices vary widely from grove 
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to grove. Both orange and lemon trees are pruned. 
Orange trees are pruned about four feet above 
the ground, and lemon trees are thinned. Winter 
cover crops are grown in some groves. Minor ele- 
ment deficiencies are common in citrus orchards. 

In the best-operated lemon groves that 
produce the most export fruit, trees are budded 
high on sour orange rootstock. 

The better Chilean groves use chemicals 
for control of California red, purple, and black 
scales, red spider, thrips, and aphids. No tristeza 
virus has been reported in Chile, although foot 
rot and brown rot are prevalent. Some lemons are 
damaged by bud mites. The Mediterranean fruit 
fly has been identified in northern areas of Chile. 

Chilean Marketing.—Domestic marketing 
of citrus in Chile is unorganized, and there are 
no controls on fruit quality. Domestic citrus is 
not graded, washed, or packed. Lemons and 
oranges are brought to market as orchard-run 
fruit by truck, often in bulk. Wholesalers usually 
buy from growers at the orchard. Most fruit is 
sold by street vendors and through weekly retail 
markets. 

Chile’s 8 million people, mostly concen- 
trated in the valley around Santiago, consumed 
an estimated 6.5 pounds of lemons per capita in 
1957 and about 12 pounds per capita in 1962. 
These figures represent higher per capita fresh 
lemon consumption than in the United States. 

Lemons are widely used with fish, steak, 
and as a garnish for many dishes. They are also 
used in Chilean homes as a food and cleanser, 
and are an important ingredient in a popular local 
drink. 

In contrast to lemon consumption, Chileans 
consumed about 11 pounds of oranges per capita 
in 1962—one of the lowest consumption levels of 
any commercial orange-producing area in the 
world. Consumption of lemons is unlikely to in- 
crease, but there are ample opportunities for 
Chile to expand orange consumption. 

Chile’s citrus export trade has been con- 
fined to lemons, and since 1948 lemon exports 
to western Europe have averaged about 75,000 
boxes a year. West Germany is the major lemon 
export market. 

Chile’s lemons have excellent market ac- 
ceptance, and are competitive in European mar- 
kets. All lemons are clip-picked for export, and 
only export-quality fruit is selected. A lemon tree 
will not produce over three boxes of export fruit 
per year. The fruit cures in ventilated stowage, 
and has an appearance much more similar to 


Google 


THE CITRUS INDUSTRY 


Table 2-84 


CHILEAN ORANGE AND LEMON PRODUCTION, 
IMPORTS, EXPORTS, AND UTILIZATION, 1961-62 
(In Metric Tons) 


Oranges Lemons 
Production 48,000 44,000 
Imports 451 62 
Exports oe 2,909 
Domestic Consumption 33,451 38,653 
Processing 15,000 2,000 


California lemons than its competitor, the Italian 
Verdelli lemon. 

Not more than one-third of the lemon crop 
is of export quality, and an improvement in fruit 
uniformity is unlikely to be obtained in the near 
future. The type of fruit, a late harvest season, 
and frost problems limit export opportunities. 

Data showing the utilization of oranges 
and lemons in Chile in 1961-62 is presented in 
table 2-84. It will be noted that slightly under 
a third of orange production is used in process- 
ing. The orange processing season is from June 
to September. One Chilean plant produces about 
40,000 to 50,000 U.S. gallons of single-strength 
preserved juice for a soft-drink bottler. Essential 
oil of orange is also produced. 

Chilean orange juice has good color, and 
average juice yield is reported to be 35.5 per cent 
by weight. In June, navel oranges may test as 
high as 3 to 4 per cent citric acid. In July, navel 
oranges test about 1.5 per cent citric acid, 10.5 
degrees Brix, and have a sugar-acid ratio of 
6.5:1. By August, test reports show 0.8 per cent 
citric acid, 8.9 degrees Brix, and a sugar-acid 
ratio of 10:1. 

Chilean lemons are reported to yield 34 
to 40 per cent juice by weight. In July, they test 
about 4.6 per cent citric acid, 10.2 degrees Brix, 
and have a sugar-acid ratio of 2:1. By August, 
lemons test 4.8 per cent citric acid, 9.5 degrees 
Brix, and have a sugar-acid ratio of 1.85:1. Both 
oranges and lemons are stored 24 hours before 
processing to increase the yield of essential oil. 

A small citrus import market exists in some 
northern and southern areas of Chile. In 1962, 
about 15,000 boxes of oranges were imported 
from such nearby countries as Peru, Ecuador, 
Bolivia, and Argentina. 


Paraguay 


Paraguay has a small, domestic citrus in- 
dustry, which in 1961-62 consisted of about 15,000 
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acres, although only about 2,000 acres could be 
considered commercial (fig. 2-33, page 154). 

Most production is tropical-type fruit from 
groves that receive minimum care. Average 
annual production is about 500,000 boxes of or- 
anges, 150,000 boxes of mandarins, 100,000 boxes 
of grapefruit, and 50,000 boxes of lemons. 

Paraguay's climate is midway between 
tropical and subtropical. Summers are hot and 
rainy; winters are generally temperate. Average 
annual rainfall at the capital city of Asuncion is 
about 54 inches. Annual mean temperatures at 
Asuncion are 82° F in January and 65° F in July. 

Citrus groves are widely scattered in Para- 
guay, and distance from markets, the high cost 
of transportation, and the fact that little fruit is 
of export quality limit the development of an 
export potential. 

Paraguay's first seedling orange industry 
was destroyed by leprosis. New plantings con- 
sist of Washington navel, Bahianinha, Lue Gim 
Gong, and Valencia oranges grown on sweet or- 
ange rootstock. Some petit grain oil is produced 
and exported from Paraguay as a perfume base. 

The South American fruit fly is the most 
important pest, followed in order of importance 
by California red scale, Florida red scale, aspi- 
distra scale, false spider mite, citrus rust mite, 
brown citrus aphid, and dictyospermum scale. 


Peru 


Peru’s domestic citrus industry consisted 
of about 10,000 acres in 1961-62. On the basis 
of known acreage of the largest estates, total 
orange plantings ranged from 5,000 to 8,500 acres. 
Other citrus plantings included: mandarins, 250 
acres; grapefruit, 150 acres; and West Indian 
limes, 750 to 1,000 acres. 

Total Peruvian citrus production in 1961- 
62 was estimated at under 2 million boxes. Pro- 
duction included 1 million boxes of oranges, 
200,000 boxes of West Indian limes, 50,000 boxes 
of mandarins, 50,000 boxes of grapefruit, and a 
small quantity of lemons. 

Future growth of the Peruvian citrus in- 
dustry is limited by the poor appearance of fruit, 
low crop yields, and heavy transportation costs. 

Distribution and Climatic Conditions.— 
Peru has two principal citrus-producing areas: 
one along the coast at elevations from 800 to 
1,600 feet, and one on the East Andean slope at 
about 3,000 feet. Cultural practices and produc- 
ing seasons are greatly different in the two areas. 

The climate of the coastal plain is warm 
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and equable, but rainfall is almost nonexistent, 
averaging between 1 and 2 inches a year. In the 
Lima area, mean maximum temperature in Janu- 
ary is 82° F and mean minimum is 66° F. In July 
the mean maximum temperature is about 67° F 
and the mean minimum is about 57° F. While 
the orange-producing districts are widely scat- 
tered, almost 90 per cent of production is con- 
centrated within 100 miles of Lima. Nearly all 
West Indian limes are grown in the northern 
coastal department of Piura, adjacent to Ecuador. 
Mandarins, grapefruit, and sweet lemons are pro- 
duced mostly in the coastal departments of Lima, 
Ica, and Piura. 

The jungle area of the East Andean slope 
is reached by a road from Lima that crosses the 
Andes at an elevation of 15,800 feet. All fruit 
transported out of the area must be moved over 
this road. The climate of the eastern slope is 
tropical and humid but with insufficient chilling 
to produce normal rind color of oranges. There 
is heavy rainfall ranging from 50 to 120 inches 
annually. 

There are no frost hazards in either of the 
Peruvian citrus-producing areas. 

Varieties and Cultural Practices.—Peru- 
vian citrus is identified by the following local 
terms: oranges, naranjo; tangerines, mandarino; 
grapefruit, toronja; acid lemons, reales or “large 
lemons”; sweet lemons, lima; and West Indian 
limes, limones. 

Major orange production in the coastal dis- 
trict consists of navels, while seedy oranges and 
Valencias are grown primarily on the East Andean 
slope. 

: Coastal orange production is mostly from 
large estates. Groves are planted in valleys at ele- 
vations under 1,000 feet in sandy, loam soil that 
is ideal for citrus. Since rainfall is rare, all groves 
are irrigated by gravity water from streams, sup- 
plemented by water pumped from wells. Most 
coastal groves are cultivated with tractors. 

Navel oranges of the coastal area are large 
and heavy, only breaking in color when they ma- 
ture in June. Because of the warm nights, fruit 
never reaches full color. Young trees observed b 
the author were high headed! but obviously well- 
grown. 

Coastal oranges normally bloom in Sep- 
tember and October, followed by a second bloom 
in November or December, or sometimes in Feb- 
ruary and March. Navel oranges blooming in 
September and October produce fruit for a late 
May harvest. The out-of-season navel crop is 


168 


picked in September and October and fruit may 
be nearly as large as the seasonal set. 

All plantings of limes in the northern 
coastal department of Piura are seedlings. The 
quality of limes observed by the author was ex- 
cellent. However, most grapefruit seen in Peru- 
vian markets were small and of poor external 
appearance. 

In the rainless coastal district, the accumu- 
lation of dust on foliage tends to reduce the effec- 
tiveness of chemical sprays, interferes with the 
activity of natural enemies, and favors the in- 
crease of scales and mites. Common pests include 
purple scale, chaff scale, California red scale, the 
South American fruit fly, red spider, thrips, and 
black aphids. 

Foot rot is a problem even on older trees 
budded on sour orange rootstocks, and may be- 
come more serious as sweet orange rootstock is 
more widely used. Little psorosis was observed. 
Because of tristeza disease, most of the coastal 
groves probably will have to be replanted in the 
next twenty years. 

On the East Andean slopes, most orange 
groves are also grown on large estates. Plantings 
are usually on level ground and operated as turf 
culture. The heavy rainfall makes irrigation un- 
necessary, but there are said to be soil deficien- 
cies of minor elements because of the excessive 
rainfall. 

The seedy oranges and Valencias of the 
tropical East Andean slope are budded on sour 
orange rootstock. The fruit does not color, and 
is thin-skinned and heavy with juice. 

The main orange bloom is normally in 
October and November, although there are other 
blooms throughout the year after heavy rains. 
The primary harvest is in April and May, but 
some fruit is shipped every month of the year. 
The East Andean slope is Lima’s main source of 
orange supplies in the months of January, Feb- 
ruary, and March. 

No tristeza disease has been found in the 
East Andean slope district. However, fruit is sub- 
ject to tropical, disfiguring diseases, melanose 
fungus, and rust mite. 

Peruvian Marketing.—Peru’s 11.5 million 
people consume over 1 million boxes of oranges 
each year. Approximately 700,000 boxes of or- 
anges are consumed by Lima’s population of 
1 million people, who make up part of their con- 
sumption by orange imports from Ecuador. Or- 
ange receipts for Lima in 1961 are presented in 


table 2-85. 
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Table 2-85 


ORIGIN OF ORANGES RECEIVED IN LIMA BY 
MONTH, 1961° 


(In Thousand Boxes) 
East 
Andean Coastal Ecuador Total 

Month Slopet District} Imports Supply 
January 14 ] sae 16 
February 21 2 30! 23 
March 31 2 sce 34 
April 39 6 oe 45 
May 47 22 = 69 
June 28 85 ssi 112 
July 14 107 121 
August 9 78 85 
September 9 52 sta: 61 
October 5 35 10 49 
November 4 20 12 36 
December 7 7 17 31 

Total Receipts 228 415 39 682 


® Estimated receipts based on 70-lb boxes. 

t Producing areas at Chanchamayo, Tingo Maria, and 
the eastern jungle areas of Ayacucho, Junin, and 
Huanuco. 

t Produced mostly in the Lima Department. 


The largest coastal producer of oranges 
has a modern packinghouse near Huaral, where 
oranges are washed in fungicide, waxed, Se 
with the estate trade name, sized, and packed in 
cartons. Oranges on the East Andean slope are 
packed unwrapped in small crates. 

Since 1958, Peru has exported as many as 
30,000 boxes of oranges annually to Chile. Some 
lemons are exported to Ecuador. Total Peruvian 
orange imports from Ecuador range from 150,000 
to 200,000 boxes a year. 


Surinam 


Surinam or Netherlands Guiana, an over- 
seas territory of the Netherlands located four 
degrees above the equator on the northeastern 
coast of South America, has a small, tropical 
citrus industry (fig. 2-37). 

The Surinam Department of Agriculture 
estimated total citrus plantings in 1953 at over 
5,000 acres. However, citrus plantings were esti- 
mated in 1960 on a more conservative basis as 
follows: 2,864 acres of oranges, 294 acres 
non-bearing; 855 acres of grapefruit, 136 acres 
non-bearing; and 339 acres of other citrus, 59 
acres non-bearing. In 1963, land developers leased 
5,000 acres for the purpose of expanding orange 
production to supply a new processing plant in 
Surinam. 
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Table 2-86 


SURINAM CITRUS PRODUCTION AND EXPORTS FOR SELECTED 
CROP YEARS, 1940-41 TO 1964-65 
(In Thousand Boxes) 


Production Exports 

Crop Years Oranges Lemons Grapefruit Oranges Lemons Grapefruit 
1940-41 11 ] 3 ] 

1945-46 72 6 23 11 11 
1950-51 194 11 52 38 4 26 
1955-56 166 9 79 72 8 58 
1960-61 93 8 50 50 24 
1961-62 185 8 80 108 15 
1962-64 100 oe 130 190 30 
1963-64 200 sae 130 20 es 26 
1964-65 150 ses 40 105 < 20 


° Estimated for boxes containing 216 oranges, 80 grapefruit, and 360 lemons. 


+ Estimated data. 


While there has been significant growth 
in citrus production in Surinam since 1940-41, 
the total 1964-65 citrus crop was less than 200,000 
boxes. Despite efforts to stimulate citrus expan- 
sion in Surinam, it is doubtful if total production 
will exceed 500,000 boxes by 1970. Citrus produc- 
tion and export data of Surinam for selected crop 
years from 1940-41 to 1964-65 are presented in 
table 2-86. 

Major citrus plantings are located on the 
low, coastal plain near the capital city of Para- 
maribo. The climate is tropical and very humid. 
Rainfall averages 90 inches a year, and is lowest 
during the hottest months of September, October, 
and November when it averages 3 to 4 inches 
per month. The mean maximum temperature is 
85° F and the mean minimum is 72° F for Janu- 
ary. The comparable temperatures for July are 
87° F and 73° F, respectively. The lowest tem- 
perature on record in Surinam is over 61° F. 

Surinam citrus is large fruit of tropical 
quality. Oranges are primarily a local variety 
known as the Kwatta 202, which does not color 
well and tends to be low in acid. Grapefruit is 
Marsh Seedless, and lemons are of the Woglum 
variety, which originated in Trinidad. 

Citrus orchards are planted on mounds 
between drainage ditches within six feet of the 
constant water tables. Groves are operated as a 
permanent sod culture and have a density of 
about seventy trees to the acre. Most groves re- 
ceive no fertilizer, although chemical nitrogen 
is applied at the end of each dry period to some 

aves. 

Rainfall controls the bloom of citrus in 
Surinam. Major flowering usually occurs in De- 
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cember when the drier season is broken. Fruit is 
ready for export from June through September, 
when the world’s supply of citrus fruit is at its 
lowest level. 

Surinam crop yields are low, and even 
under improved cultural methods—using tropical 
kudzu as a cover crop—sustained yields of over 
two boxes per tree are difficult to attain. Esti- 
mated average yields per acre in 1953 were: 52 
boxes of oranges, 73 boxes of grapefruit, and 
36 boxes of lemons. 

The hot humid climate makes for rapid 
growth of all plant life, hence weeds, epiphytes, 
and vines are a serious problem. Epiphytic plants 
such as orchids and bromeliads are mostly con- 
trolled through the tedious, expensive process of 
removing them from the tree by hand. A weed 
growth up to four feet in height covers groves 
about ten months of the year. This growth is’ 
cut back and cleared about twice a year. How- 
ever, some groves use mechanical weed cutters 
up to eight times a year. 

Major citrus pests in Surinam are rust 
mite, thrips, ants, Florida red scale, purple scale, 
and West Indian scale. Rust mite is controlled 
with sulfur sprays, but only 10 per cent of the 
larger groves are sprayed. 

Most of Surinam’s citrus exports are 
shipped to the Netherlands in ventilated stowage. 
The large size of grapefruit and the tropical qual- 
ity of oranges hampers their competition in Euro- 
pean markets. Importers report that the arrival 
condition and quality of Surinam fruit is often 
unreliable. 

In 1961, private U.S. interests in coopera- 
tion with the Surinam government established a 
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plant to produce frozen concentrated citrus juice 
at Paramaribo. The plant, located in the harbor 
area, was equipped with modern concentrating 
and freezing equipment. In 1963, 56,873 gallons 
(U.S.) of frozen concentrated orange juice were 
shipped to the United States; in 1964, 45,891 

allons (U.S.) of frozen concentrated orange juice 
and 28,178 gallons of frozen concentrated grape- 
fruit juice were shipped to the United States. 
These exports represented the entire exportable 
production of the concentrating plant while it 
was in operation. As a consequence, about 60 per 
cent of the exportable citrus produced in Suri- 
nam is not being exported, and a large part of 
the excess is being dumped. If the plant reopens, 
the Surinam Growers Association will insist on 
substantial quota for fresh fruit exports to protect 
the fresh fruit market that has been established 
in the Netherlands. 


Uruguay 


The total planted area of citrus in Uruguay 
in 1964 was estimated at between 10,000 and 
15,000 acres, bearing and non-bearing. This rep- 
resents an enormous expansion since 1961-62 
when citrus plantings totalled about 3,000 acres. 

As in Argentina, since 1946 the tristeza virus 
has killed all oranges grown on sour orange root- 
stock. Trifoliate orange root has been used for 
many replantings, although some of these have 
been reported to be affected with the tree-stunt- 
ing exocortis virus. 

Salto is the major citrus-producing area, 
and with the exception of plantings at Melo 
nearly all citrus is grown near the Uruguay River 
(fig. 2-33, p. 154). Uruguay’s climate is generally 
mild, despite summer heat, and mean annual 
rainfall is about 40 inches. There are rapid 
changes in temperature, however, caused by the 
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pampero, the cold wind from the southwest, and 
the hot zonda from the north. Climatic hazards 
include hail, drought, frost, and floods. 

Most citrus is grown without irrigation. 
Oranges normally bloom from August 15 to 
September 15, and are harvested from May to 
December of the following year. The harvest 
season begins in the northern early areas of Salto, 
Paysandu, Rivera, Melo, and Cerro Largo. Late 
orange varieties and lemons are grown farther 
south in the departments of Montevideo, Cane- 
lones, San Jose, and Florida. 

Serious citrus pests include California red 
scale, South American fruit fly, snow scale, dictyo- 
spermum scale, citrus rust mite, purple scale, 
Florida red scale, cottony-cushion scale, black 
scale, and delta scale. Major diseases are gum- 
mosis, tristeza, and exocortis. 

In 1964-65, Uruguay produced about 1.7 
million boxes of citrus. The citrus crop in recent 

ears has consisted of about half sweet oranges 
and half lemons and tangerines. Grapefruit is a 
minor crop. Production estimates for selected 
crop years are presented in table 2-87. 

During the past all of Uruguay’s citrus 
was consumed in the domestic market, and small 
quantities of lemons were imported from Argen- 
tina. By 1963, increased production had made 
Uruguay self-sufficient and a small citrus exporter. 

As new groves come into bearing, about 
one quarter of Uruguay's citrus is likely to be 
fresh fruit of export quality. By 1975, Uruguay 
could have an annual production of 1.5 million 
boxes of oranges, 750,000 boxes of mandarins, 
500,000 boxes of lemons, and 100,000 boxes of 
grapefruit. 

Uruguay's 3 million people consumed 
about 35 pounds of citrus per capita in 1963. 
Total 1963 utilization amounted to 60,845 metric 


Table 2-87 


URUGUAY CITRUS PRODUCTION FOR SELECTED CROP YEARS, 
1945-46 TO 1964-65 
(In Thousand Boxes) 


Total 

Crop Oranges and Total 

Year Mandarins Oranges Mandarins Grapefruit Lemons All Citrus 
1945-46 382 400 782 ae aa 782 
1950-51 457 1,106 1,563 10 164 1,737 
1960-61 500 744 1,244 20 290 1,554 
1962-63 600 812 1,412 30 377 1,819 
1963-64 610 912 1,522 22 415 1,944 
1964-65° 556 744 1,300 18 330 1,648 


° Estimated data. 
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Table 2-88 
VENEZUELA CITRUS PLANTINGS AND PRODUCTION IN 1961 








Class of Citrus and Variety 


Oranges: 
Criolla (seedy seedlings) 632,000 
Valencia 91,000 
Navel 228,000 
Mandarins 58,000 
Lemons: 
Limon Agrio (sour lemon) 12,000 
Limon Dulce (sweet lemon) 2,000 
Grapefruit 29,000 
Other Citrus 3,000 


Bearing Trees 


Number of Citrus Trees 


Citrus Production 
(In Thousand Boxes) 


Total Bearing and 
Non-Bearing Trees 


1,224,000 1,300 
324,000 100 
461,000 250 
157,000 110 

20,000 65 
4,000 5 
61,000 135 
4,000 4 


Source: Data supplied by the Venezuelan Ministry of Agriculture. 


tons, broken down as follows: fresh fruit, 45,165 
metric tons (75 per cent of production); canned 
and fresh juices, 8,500 metric tons (14 per cent); 
and exports, 7,180 metric tons (12 per cent). 

The 7,180 metric tons of exports, which 
include the fresh fruit equivalent of 110.2 metric 
tons of concentrated orange juice exported to 
Canada, were a substantial increase from 420 
metric tons of fresh fruit exported in 1962. The 
higher exports were a direct result of devaluation 
of the Uruguayan peso, which makes exports 
profitable. The preparation of a new orange juice 
product also increased the market. 

Principal purchasers of fresh fruit, in or- 
der of importance, were: Great Britain, 1,878.8 
metric tons; Germany, 1,014.6 metric tons; and 
Holland, 563.9 metric tons. No citrus fruits were 
imported during the calendar year of 1963. 


Venezuela 


The Venezuelan Ministry of Agriculture's 
estimate of citrus plantings and production by 
variety in 1961 is presented in table 2-88. These 
data indicate a producing area of about 15,000 
acres on a solid planting basis and a total planted 
area of about 30,000 acres. While new plantings 
are being made, much of Venezuela’s citrus is 
raised as a casual crop with little cultural care. 

The most important producing areas of 
Venezuela are reported to be the states of Cara- 
bobo, Falcon, Miranda, Monagas, Sucre, Yara- 
cuy, and Zulia. All fruit is consumed in the 
domestic market except for small quantities that 
are exported by boat to the nearby Dutch island 
of Curacao. 

The climate of Venezuela varies greatly 
with altitude, ranging from tropical to temperate, 
but citrus is grown mostly in subhumid tropical 
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areas. Average annual rainfall of Caracas is 
slightly over 9 inches. Annual mean temperatures 
for Caracas are 65° F in January and 68° F 
in July. 

The tropical quality citrus produced in 
Venezuela is not suited for export, and low tree 
yields probably limit the development of process- 
ing. 

: A small processing industry supplies in- 
dustrial juices for the domestic market. Despite 
government encouragement of this effort to be- 
come self-sufficient, Venezuela was still a citrus 
product importer in the 1961-62 season, buying 
48,000 gallons of citrus concentrate and 4,000 
cases of single-strength juice from the United 
States. 

Other South American Countries 

Among other South American countries, 
the two principal producers are Bolivia and Ecua- 
dor, both of which make small export shipments. 
Available data on Bolivia and Ecuador for 1961- 
62 may be found in table 2-1 (pp. 42-43). Citrus is 
also grown in Colombia, British Guiana, and 
French Guiana, where it is absorbed mainly by 
the local markets. 

Colombia is a fairly typical example of a 
tropical country where citrus is grown at present 
almost exclusively for local consumption. Colom- 
bia extends from the equator to about 12° north 
latitude. Some important citrus-growing areas are 
the Cauca, Magdalena, and Medellin valleys. The 
rainfall at Palmira in the Cauca Valley (3°3I’ N. 
latitude, 3,400 feet elevation) averages about 
43.2 inches annually, with January and July mean 
daily maximum and minimum temperatures av- 
eraging 86.6° F and 64.2° F and 86.9° F and 
63.5’ F, respectively. Fine yields of navel and 
Valencia oranges of good juice quality can be 
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grown at Palmira, but poor rind color, disease 
and insect blemishes, and other factors would 
seriously handicap them if offered for sale in 
European or North American markets. 

Oranges, mandarins, limes, and some lem- 
ons are commonly available at local markets 
throughout Colombia during most of the year. 
Grapefruit and occasionally pummelos may be 
purchased in a few markets in some of the larger 
cities. Eating quality is quite variable, and ex- 
ternal quality is normally poor. 

Citrus fruits for local markets are pro- 
duced by an estimated 1 million trees found 
largely in small, mixed dooryard orchards of less 
than twenty-five trees. In 1965, well-organized 
citrus orchards of 500 trees or more probably 
did not account for more than 50,000 to 100,000 
trees altogether. These larger orchards, mostly 
planted after 1955, consist of introduced commer- 
cial varieties grafted on rough lemon or sour or- 
ange stock, often interplanted with other crops. 
However, currently seedlings account for a major- 
ity of the oranges, mandarins, and limes produced 
for sale in Colombia. 


SOUTHERN HEMISPHERE 
Australia 


Australia ranks fourth among southern 
hemisphere citrus producers, and is exceeded 
only by Brazil, Argentina, and South Africa. New 
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and projected citrus plantings indicate a steadily 
increasing citrus supply, which may eventually 
create serious marketing problems, since the pri- 
mary market is at present Australia’s own 10.5 
million consumers. 

In 1960, total citrus plantings were esti- 
mated at slightly over 60,000 acres. Plantings 
were broken down into varieties of citrus as 
follows: oranges, 38,000 acres, 11,000 acres non- 
bearing; mandarins, 2,800 acres, 1,500 acres 
non-bearing; lemons and limes, 4,100 acres, 1,000 
acres non-bearing; grapefruit, 1,200 acres, 150 
acres non-bearing; and other citrus, 27 acres, 
10 acres non-bearing. 

Australian citrus production in 1964-65 
was estimated at 5.3 million boxes of oranges, 
442.000 boxes of lemons, and 210,000 boxes of 
grapefruit. Data on Australian citrus production 
and exports from 1951-52 to 1964-65 are pre- 
sented in table 2-89. 

Distribution and Climatic Conditions.— 
Citrus is grown along coastal areas of the states 
of Western Australia, Queensland, and South 
Australia, and along the coast and at inland dis- 
tricts in the states of New South Wales and 
Victoria (fig. 2-38). 

The climates in Australia’s citrus areas in- 
clude humid tropical, humid subtropical, and 
subarid subtropical. Average annual rainfall in 


_citrus-producing areas is as follows: Perth, 34 


Table 2-89 


AUSTRALIA CITRUS PRODUCTION AND EXPORTS; 
CROP YEARS, 1951-52 TO 1964-65° 
(In Thousand Boxes) 


Production Exports 

Crop Oranges and Oranges and 

Year Mandarins Lemons Grapefruit Mandarins Lemons Grapefruit 
1951-52 3,502 407 134 285 6 3 
1952-53 4,419 401 142 289 5 3 
1953-54 4,168 394 153 361 11 3 
1954-55 4,847 459 162 350 6 4 
1955-56 4,712 425 157 396 2 2 
1956-57 4,507 372 169 408 6 4 
1957-58 4,304 418 188 400 2 2 
1958-59 5,447 477 188 276 3 4 
1959-60 4,611 529 201 396 3 3 
1960-61 5,949 463 219 281 2 3 
1961-62 6,784 442 236 455 3 2 
1962-63 6,348 505 210 574 ve. 3 
1963-64 6,650 474 197 630 4 27 
1964-65 t 5,349 442 210 a is 


* Year beginning July 1. 
t Boxes of the following weight: oranges, 70-Ib; grapefruit, 80-lb; lemons, 76-Ib. 
{ Preliminary estimate. 


§ Included in grapefruit. 
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Fig. 2-38. Citrus areas of Australia. 


inches; Adelaide, 21 inches; Melbourne, 25 inches; 
Sydney, 47 inches; Brisbane, 45 inches; Nembour, 
66 inches; and Cordwell, 77 inches. 

In the state of Victoria, mean maximum 
temperatures at Watsonia are 80° F in January 
and 55° F in July; mean minimums are 53° F 
and 40° F, respectively. In Western Australia, 
mean maximums at Kalamunda are 86° F in 
January and 61° F in July, and mean minimums 
are 60° F and 46° F, respectively. At Nambour 
near the north coast of Queensland, mean maxi- 
mums are 82° F in January and 69° F in July, 
and mean minimums are 66° F and 46° F, 
respectively. 
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Most Australian citrus areas are subject 
to a frost hazard, and in the colder winters some 
fruit is damaged. A few groves receive frost pro- 
tection. Drought is the major recurring climatic 
problem in the districts where citrus is not irri- 
gated. Poor drainage of soil is a problem in most 
areas during years of exceptionally heavy rain- 
fall. Brush fires at times also damage citrus 
groves. 

Varieties.—Australian citrus plantings con- 
sist of about 50 per cent Valencia oranges, 30 
per cent navel oranges, 10 per cent lemons and 
limes, and 10 per cent mandarins, grapefruit, and 
other minor citrus. 
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Australian citrus normally blooms in Sep- 
tember and October and is harvested in the 
northern hemisphere summer months. Australian 
citrus varieties and their major marketing season 
are listed below: 


Major Marketing 

Class of Citrus and Variety Season 
Oranges: 

Navels April-October 

Valencias September-December 
Mandarin-types: 

Emperor May-August 

Ellendale August-October 
Grapefruit: 


Marsh Seedless May-November 


Lemons: 
Eureka (main crop) 


May-August 
Eureka (intermediate crop) 


February-March 
Australian rootstocks are selected for their 
resistance to tristeza virus and foot rot, and for 
their tolerance to lime and salt in the soil. Root- 
stocks used are the sweet orange, trifoliate or- 
ange, Carrizo citrange, and a selection of experi- 
mental rootstocks that has included the Cleopatra 
and Emperor mandarins, the Sampson and Or- 
lando tangelos, and the Troyer citrange. 
Cultural Practices.—Because irrigation 
water usually contains from 300 to 600 ppm of 
total soluble salts, many Australian citrus soils 
have a high natural salt content. A chloride con- 
tent of 0.02 per cent in the topsoil is common. 
Australian citrus groves are usually mechanically 
tilled and receive excellent care. While many 
groves are irrigated, there are citrus districts that 
depend entirely on rainfall. Irrigation is accom- 
plished both by surface application and by over- 
head sprinklers. 
The average irrigation requirement in 
South Australia is about 30 inches of water an- 
nually. The heaviest requirement period is from 
October to April, with a peak need in December 
and January. Nearly all citrus planted in the 
state of South Australia since 1948 is irrigated by 
permanent, overhead sprinkler systems. While 
such systems are expensive, the investment has 
proven worthwhile in increased production. 
Non-irrigated citrus is grown primarily on 
the coastal plain of New South Wales, in the 
foothills near Adelaide in South Australia, and 
in the hills near Perth in Western Australia. 
Major citrus pests include California red 
scale, black scale, soft scale, black and brown 
citrus aphids, cottony-cushion scale, crusader bug, 
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European brown snail, mealybug, Mediterranean 
fruit fly, and fruit-sucking moths. 

Citrus diseases include Septoria spots, 
brown rot, Anthracnose rot, Armillaria root rot, 
psorosis, exocortis, xyloporosis, tristeza, black pit, 
and a bud-union decline. 

Australian Marketing.—Over 75 per cent 
of all Australian citrus is utilized as fresh fruit 
in the domestic market. Fresh fruit exports com- 
prise less than 10 per cent of the orange crop 
and about 1 per cent of lemon and grapefruit 
production. 

In Australia, oranges are picked and sold 
every month of the year as in California. Picking 
of navel oranges begins in mid-April in most 
seasons, and some fruit is sold until October. 
The first Valencia oranges are marketed in mid- 
September, and the peak season is from Novem- 
ber through January. The Valencia orange season 
continues in small volume into May. 

Thus, the end of the navel crop competes 
with the earliest Valencia oranges in late Septem- 
ber and early October, and the late Valencia crop 
competes with the first navels picked from mid- 
April to May. As in Florida, California, and many 
other cooler subtropical areas, Valencia orange 
trees may carry an unharvested crop at the time 
of blossom in September and October. 

Australia is concentrating on development 
of export outlets, and grower organizations in 
New South Wales have been particularly success- 
ful in opening up new markets. Special attention 
is being given to the Southeast Asian countries, 
and in the future citrus from the United States 
may meet increasingly stiff competition in those 
areas. Since 1962, significant shipments of citrus 
have also been made to western Europe, and in 
1964 the first shipment was made to Canada. 

Processing.—Australia’s citrus-producing 
industry is growing in importance, although cit- 
rus products continue to be both exported and 
imported. 

The quantity of citrus juices produced each 
year has depended on the supply of os 
fruit. In the 1956-57 season, Australia produce 
about 0.5 million gallons of juice. By 1959-60, 
juice production was up to over 1.5 million gal- 
lons. Data from sample analyses of juice charac- 
teristics of navel and Valencia oranges for selected 
years are presented in table 2-90. 

In 1960-61, Australia exported over 20,000 
gallons of orange juice, mostly industrial juice for 
the United Kingdom and Commonwealth coun- 
tries. Over 30,000 gallons of other citrus juices 


176 


THE CITRUS INDUSTRY 


Table 2-90 
COMPOSITION OF AUSTRALIAN ORANGES ON THE THREE COMMON ROOTSTOCKS 





Variety and Juice Content Brix 
Rootstock (Per Cent) (Degrees) 

Washington Navel: 

Trifoliate Orange 40.9 11.6 

Rough Lemon 38.8 10.9 

Sweet Orange 40.7 11.3 
Valencia: t 

Trifoliate Orange 48.2 12.3 

Rough Lemon 44.3 11.4 

Sweet Orange 45.8 12.2 


Characteristics of Juice 





Ascorbic 
Acid 

Citric Acid Solids- (mgm per 

(Per Cent)? Acid Ratio 100 ml) 
1.10 10.6 52 
1.00 10.9 56 
1.01 11.2 55 
1.23 9.8 58 
1.04 ‘11.0 57 
1.19 


10.3 62 











Source: Kefford, J. F., and B. V. Chandler, 1961. Influence of rootstocks on composition of oranges with special refer- 
ence to bitter principles. Australian Jour. Agr. Res. 12:56-68. 


* Calculated from the gm per 100 ml values given. 


t The data presented are mean values of 27 to 35 samples obtained from representative orchards in New South 
Wales, Victoria, and South Australia during five seasons (1951 through 1955). Most orchards were sampled 2 to 5 


times per season June through September. 


t Mean values of 24 to 40 samples obtained from representative orchards in New South Wales, Victoria and South 
Australia during three seasons (1951 through 1953). Each orchard was sampled 2 to 5 times per season during the 


period of September through December. 


were exported, primarily to Malaya and Singa- 
pore. During the same season, Australia imported 
nearly 100,000 gallons of citrus juice, primarily 
from Jamaica, Mexico, and the United States. 

Australia’s major citrus product for export 
is marmalade and peel for marmalade. Produc- 
tion of brined, drained, and dried peel has re- 
mained relatively stable from year to year. Total 
peel production was 2.8 million pounds in 1956- 
57 and 2.7 million pounds in 1957-58. Exports of 
marmalade and peel for marmalade in 1960-61 
totalled over 650,000 pounds, and the United 
Kingdom and other Commonwealth countries 
were the major markets. 

While some essential oils of lemon and 
orange are produced, the domestic production is 
below Australian requirements. Only a few proc- 
essors are involved and total orange and lemon 
oil production in 1957-58 was about 24,000 
pounds. In the 1960-61 season, Australia im- 
ported over 20,000 pounds of lime oil and over 
72,000 pounds of orange oil. There is virtually 
no leaf or flower oil production in Australia. 


The Cook Islands 


The Cook Islands, a Polynesian group 
lying southeast of Samoa and west of Tahiti 
between 9° and 23° south latitude, are a tropi- 
cal New Zealand territory. The fifteen islands 
(excluding Niue Island) are divided into two 
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groups, seven in the northern group and eight 
in the southern. 

Citrus grown on the Cook Islands supple- 
ments New Zealand’s domestic supplies. Prior to 
the turn of the century, there was a sizeable cit- 
rus trade between the southern group of islands 
and New Zealand. In 1945, a citrus replanting 
scheme was begun under the direction of the 
Cook Islands Department of Agriculture in, an 
attempt to reestablish the trade. 

Total citrus plantings in 1961-62 were 
estimated at about 1,000 acres. Under the citrus 
replanting scheme, about 450 acres have been 
newly planted, half on Rarotonga and the bal- 
ance on Aitutake, Mauke, and Atiu. 

Total orange production in 1961 was esti- 
mated at 81,000 cases (1% bushels per case), an 
increase of 24,000 cases over the previous year 
that was primarily attributable to the replanting 
program. Estimated exports of other citrus in 
1961 included 20,000 cases of mandarins, 2,200 
cases of grapefruit, and 1,300 cases of lemons. 

Ownership of land in the Cook Islands 
is based on custom. Many individuals normally 
share ownership in very modest land areas. Groves 
are small and average about one acre each. There 
are some groves up to ten acres in size and many 
half-acre groves (forty-five trees). 

Soils on the islands vary from light sandy loam 
near the sea to medium volcanic farther inland. 
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Average annual rainfall on the four major citrus- 
producing islands is as follows: Rarotonga, 83 
inches; Atiu, 92 inches; Aitutaki, 69 inches; and 
Mauke, 75 inches. The mean annual temperature 
on Rarotonga in 1964 was 75.2° F. Hurricanes 
constitute a crop hazard, although no severe hur- 
ricane damage has occurred since 1946. 

Under the replanting program, the De- 
partment of Agriculture has assumed the respon- 
sibility of preparing the land, planting trees, 
fertilizing, spraying, pruning, and cultivating. The 
department also plants shelter belts and cover 
crops. 

A modern grading, gassing, and packing 
facility has been installed at Rarotonga. Oranges 
are washed, waxed, and polished. 

Total citrus exports of the Cook Islands 
are reported as 61,000 boxes in 1956, 80,000 boxes 
in 1957, 78,000 boxes in 1958, 106,000 boxes in 
1959, and 94,000 boxes in 1960. 

Citrus fruit is purchased by a New Zea- 
land importer from the growers. The Cook Islands 
government negotiates fixed f.o.b. prices annually 
with the importer, thus in effect guaranteeing the 
purchase and shipping of satisfactory quality fruit. 
The first shipments of fruit usually arrive in New 
Zealand in April. 

So far, processing has been limited to or- 
ange and pineapple juices in a canning plant on 
Rarotonga. It is expected that about 20,000 cases 
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of citrus will be juiced annually for export to 
New Zealand. While New Zealand is primarily a 
fresh fruit market, canned juice shipments have 
so far found a satisfactory market. 


Mozambique 


Citriculture in Mozambique, a_ tropical 
producing area on the southeast coast of Africa, 
dates back prior to the sixteenth century. John 
Huhghen van Linschoten, the first Dutchman to 
reach India via the all-sea route, mentioned or- 
anges, lemons, and citron as being grown in 
Mozambique in 1583. 

The total citrus plantings of Mozambique 
in 1961-62 were estimated at about 3,000 acres, 
and consisted primarily of oranges and grape- 
fruit. Total citrus production was less than 
400,000 boxes in 1961-62. 

Mozambique oranges normally bloom be- 
tween August and September, and the harvest 
season is from April to November. On the tropi- 
cal coastal plain, heavy rains fall from December 
through April, and average rainfall is about 60 
inches a year. 

All citrus exports from Mozambique are 
handled by the South African Cooperative Citrus 
Exchange, Ltd. Exports in 1963 were estimated as 
65,000 boxes of oranges, 100,000 boxes of grape- 
fruit, and 2,500 boxes of lemons. 


Table 2-91 


NEW ZEALAND CITRUS PRODUCTION AND FRESH IMPORTS; 
CALENDAR YEARS, 1951 TO 1964° 
(In Thousand Boxes) 





Production Fresh Imports 
Calendar Year Oranges Lemons Grapefruit! Oranges Lemons Grapefruit 

1951 17 49 78 292 5 16 
1952 12 53 81 489 0 13 
1953 13 39 83 423 4 19 
1954 13 38 72 387 7 10 
1955 12 42 62 462 3 15 
1956 10 44 46 436 5 15 
1957 1] 37 75 366 4 11 
1958 1] 53 76 387 2 ee 
1959 14 47 80 425 8 7 
1960 14 51 90 398 3 10 
1961 16 48 70 410 aoe ee 
1962 22 59 104 417 

1963 21 46 89 San 

1964 27 47 93 

° Estimated for boxes of the following weights: oranges, 70-Ib; lemons, 76-Ib; and grapefruit, 80-lb. 


+ Excludes imports from the Cook Islands. Exports are negligible. 


t Largely New Zealand grapefruit or Poorman’s orange. 
§ Less than 500 boxes. 
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New Zealand 


New Zealand is a marginal citrus pro- 
ducer, supplementing domestic production with 
imports. Although sweet oranges and mandarins 
have been grown in New Zealand for many years, 
the climate is marginal for successful production 
of high quality fruit, mainly because of insuffi- 
cient summer heat. Although rind color may be 
good, juice solids tend to be lower and acid 
higher than in more favorable climates. For the 
same reason, true grapefruit is not grown com- 
mercially. 

Total citrus plantings of New Zealand in 
1961-62 were estimated at about 2,000 acres. 
Total citrus production in 1964 was less than 
200,000 boxes. Data on New Zealand citrus pro- 
duction and imports from 1951 through 1964 are 
presented in table 2-91. 

North Island is warmer than South Island, 
and all citrus production is confined to the rather 
cool, humid subtropical climate of the former 
(fig. 2-39). 

The rainy season occurs during the period 
of April through October. Annual rainfall in the 
four main citrus-growing areas is as follows: 
Kerikeri (Bay of Islands), 63.7 inches; Auckland, 
65.4 inches; Bay of Plenty, 51.2 inches; and Gis- 
borne, 38.9 inches. There is little difference in 
temperature among the areas. Fairly typical is 
Kerikeri where in January the mean maximum 
is 76° F and the mean minimum is 55° F. Mean 
maximums and minimums in July are 60° F and 
42° F, respectively. 

Citrus normally blooms in October and No- 
vember, and production is confined largely to the 
period of July through September in the follow- 
ing calendar year. The harvest runs from May 
well through December. Wheeny “grapefruit” 
may be harvested as late as December, and some 
are picked in the following January. 

One of the major climatic hazards for cit- 
rus is wind, and hence windbreaks of trees are 
commonly established to divide plantings into 
blocks of about two acres each. No supplemen- 
tary irrigation is used except in the dry period 
at Kerikeri where the light volcanic soils are 
shallow and low in moisture-holding capacity. 

Because of its markedly favorable influ- 
ence on the soluble solids content of juice, tri- 
foliate orange is rapidly replacing sweet orange, 
Poorman’s orange, and rough lemon as rootstock. 
The most common rind blemishes are due to 
wind scarring and to pests and diseases favored 
by the humid climate. 
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While sweet orange and mandarin pro- 
duction may increase in the future, present 
production is less than 5 per cent of domestic 
consumption. In contrast, the domestic industry 
grows about 80 per cent of the lemons used in 
New Zealand, and “grapefruit” production is 
nearly self-sufficient with less than 10 per cent 
of grapefruit imported in recent years. 

Of the 48,000 boxes of lemons produced 
in the 1961-62 season, about 20 per cent were 
Meyer lemons and the balance were standard 
lemons. The number of Meyer trees has declined 
by 6 per cent since 1957, and the trend seems 
likely to continue. No new plantings are being 
made, and the interplantings of Meyer lemon 
trees with other citrus will limit their life. Al- 
though new plantings of standard lemons are 
still being made in the Bay of Plenty and at 
Gisborne, they are not sufficient to replace lemon 
trees removed because of old age. 

In 1959, about 62 per cent of standard 
lemons were consumed as fresh fruit, 19 per cent 
manufactured into peel, and 17 per cent proc- 
essed into other products. Of the Meyer lemons, 
almost 95 per cent were consumed as fresh fruit, 
and the remaining 5 per cent were processed 
into juice. 

Domestic “grapefruit” production of 81,000 
boxes in 1961 consisted mostly of New Zealand 
grapefruit (also known as the Poorman’s orange). 
About 3,000 boxes of Wheeny grapefruit were 
produced. Ninety per cent of “grapefruit” produc- 
tion is consumed as fresh fruit, and about 10 
per cent is processed into marmalade. 

All of the orange and mandarin produc- 
tion of New Zealand is consumed as fresh fruit. 

New Zealand imported 410,000 boxes of 
oranges in 1962. Major orange supplies are ob- 
tained from Australia, supplemented by seasonal 
supplies from the Cook Islands, Cyprus, Jamaica, 
and the United States. A part of the Jamaican 
fruit sold in New Zealand consists of the Orta- 
nique kid-glove orange. Oranges are imported 
every month of the year. 

New Zealand imports small quantities of 
lemons from California. Nearly all citrus juice 
is imported both for domestic consumption and 
industrial use. Imports in 1959 included 24,000 
gallons of unsweetened citrus juice, and 50,000 
gallons of bulk citrus juice. 

With the exception of small purchases 
from Spain and Italy, juice imports are confined 
to British Commonwealth sources. The United 
Kingdom is the major supplier of bulk juices, in- 
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Fig. 2-39. Citrus areas of New Zealand. 
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Table 2-92 
ESTIMATED CITRUS ACREAGE OF SOUTH AFRICA BY PRODUCING DISTRICT FOR 1955 
Oranges 
Other Total 
Producing District Navel Valencia Varieties Grapefruit Lemons Acreage 
Western Transvaal 
(Rustenburg) 1,396 1,611 101 2 155 3,265 
Northern Transvaal 
(Zebediela-Tzaneen) 5,102 7,935 438 49 433 13,957 
Eastern Transvaal 
(Nelspruit) 2,814 6,449 881 449 1,120 11,713 
Natal 
(Muden) 801 1,153 120 404 1 2,479 
Cape Midland 
Kat River) 4,341 773 115 136 45 5,410 
Eastern Cape Coastal 
(Sundays River) 6,377 5,530 1,011 2,034 419 15,371 
Western Ca 
(Citrusdal) 2,741 2,335 12 55 225 5,368 
Total Acreage 23,572 25,768 2,678 3,129 2,398 57,563 


cluding bases for citrus drinks. Other sources of 
supply are the West Indies, Tonga, Australia, 
and South Africa. 


South Africa 


Citrus was introduced into South Africa 
by the Dutch East India Company in 1654. The 
first commercial exports of significance were be- 
gun in 1907. The Republic of South Africa is 
today the world’s largest exporter of summer 
oranges from May ee November and the 
largest supplier of grapefruit to Europe during 
those same months. 

After World War I, the citrus industry of 
South Africa expanded at too rapid a pace, and 
between 1935 and 1939 almost half of the plant- 
ings were abandoned. Since World War II, citrus 
production has almost doubled, and continued 
rapid expansion may result in a repetition of the 
previous vel aan 

Total citrus plantings in the Republic of 
South Africa were estimated at about 118,000 
acres in 1962, both bearing and non-bearing. 
Surveys have indicated that an additional 300,000 
acres are suitable for citrus plantings. There are 
seven major citrus-growing areas in South Africa, 
and their relative importance in the country’s 
citrus industry is indicated by table 2-92, which 
presents acreage estimates for each of the areas 
in 1955. 
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Total South African citrus production in 
1964-65 was estimated at about 16.5 million boxes, 
including 14.5 million boxes of oranges, 300,000 
boxes of lemons, and 1.7 million boxes of grape- 
fruit. Production and export data for selected 
seasons from 1935 to 1964 are presented in 
table 2-93. 

Distribution and Climatic Conditions.— 
Citrus plantings in the Republic of South Africa 
extend from the northern Transvaal, latitude 23° 
south (just within the Torrid Zone), to near the 
south coast, latitude 34° south. The seven major 
citrus-growing areas are illustrated in figure 2-40. 

The interior of South Africa is an elevated 
plateau. Because of frost, citrus culture is precari- 
ous below approximately 26° south. The citrus 
sections of the Transvaal all lie in the interior 
between latitudes 23° and 26° south in a region 
where the temperature becomes sufficiently high 
to permit successful citrus-growing at altitudes 
up to about 3,000 feet. At higher altitudes, how- 
ever, there is considerable danger of frost injury. 

Rainfall in most South African districts is 
principally during the summer months (October 
through April), and ranges from about 10 inches 
in the Citrusdal area to 50 inches or more in part 
of the northern Transvaal. The line separating 
the summer from the winter rainfall areas runs 
westerly from the coast between East London 
and Port Elizabeth, and thus many of the plant- 
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Table 2-93 


ESTIMATED PRODUCTION AND EXPORTS OF SOUTH AFRICAN CITRUS FOR SELECTED PERIODS 
AND CROP YEARS; AVERAGE 1934-38 TO 1953-57; CROP YEARS, 1958-59 TO 1963-64 


(In Million Boxes) 
Period or Production Exports 
Crop Year Oranges Lemons Grapefruit Oranges Lemons Grapefruit 
Average: 
1934-38 sa sea a 2.7 dt 0.3 
1935-39 4.2 0.1 ie aa _ oes 
1953-57 9.0 0.2 0.4 5.7 0.1 0.3 
Crop Year: 
1958-59 8.9 0.3 0.5 6.4 0.2 0.3 
1959-60 11.4 0.3 0.6 8.7 0.2 0.4 
1960-61 8.5 0.3 0.6 6.8 0.2 0.5 
1961-62 12.0 0.2 0.9 8.3 60.2 0.6 
1962-63 11.3 0.3 1.0 7.4 0.2 0.6 
1963-64 ° 13.2 0.3 1.1 8.5 0.2 0.8 


° Estimated data. 


ings in Cape Province lie within the transition 
zone, receiving their greatest rainfall in the win- 
ter (May through September at Nelspruit). 

The monthly mean maximum temperature 
at Nelspruit in January is 84° F and the mean 
minimum is 65° F. In July, mean maximums and 
minimums are 74° F and 44° F, respectively. 
Nelspruit is fairly representative of the eastern 
and northern Transvaal climates where most of 
the citrus is grown. 

Climatic hazards include drought, hail, 
and wind in all areas. Floods pose a threat to 
river valley plantings such as those at Patentie 
in the eastern Cape Province coastal district. 
Frost hazards are particularly serious in the 
Cape Province districts. 

Varieties.—While a great many varieties 
of oranges have been grown in South Africa, 
experience has demonstrated the superior value 
of the Valencia and Washington navel for the 
export trade. The Valencia bears well in almost 
all citrus sections. The Washington navel has 
proven most satisfactory in certain sections of 
Cape Province and in Natal. 

Many of the younger groves are planted 
in such varieties as the Hamlin, Clanor, Tomango, 
Premier, and various local midseason varieties 
that will fill the gap between the harvest of 
navels and Valencias. 

Marsh Seedless and Triumph are the most 
commonly grown grapefruit varieties. While 
lemon production has tripled since the 1935-39 
period, lemon plantings have virtually ceased in 
recent years. Mandarin varieties or naartjes are 
grown to a limited extent in most citrus sections. 


Google 


The predominant South African rootstock 
is rough lemon. Some plantings are currently be- 
ing made on Emperor mandarin. Sweet orange, 
Troyer citrange, trifoliate orange, and other root- 
stocks are being tested experimentally. 

South African citrus blooms as early as 
seis fe 15 in the warmer Transvaal areas and 
as late as October 15 in Cape Province. Navel 
oranges are harvested from April through July 
and Valencias from about May 15 throughout 
the year. Lemons normally have several blooms 
and some are harvested throughout the year. The 
largest lemon harvest is from April through June. 

Cultural Practices——The soils of South 
African citrus sections range from light sandy 
loams to heavy clays. The richest and most pro- 
ductive are the flat alluvial soils, along the 
rivers, which are deep and contain an abundance 
of organic matter. Such are the valleys of the Kat, 
Mooi, Fish, Gamtoos, and Sundays rivers. In 
general, the soils are derived from disintegrated 
granite and closely resemble those of California. 
In some sections, difficulty is experienced with 
hardpans and salinity. 

The author's observations on cultural prac- 
tices in some of the major citrus districts of South 
Africa are presented below to provide a repre- 
sentative view of the country’s industry. 

Zebediela Estate: The Zebediela Estate, 
located in the northern Transvaal, contains the 
largest single private citrus planting in South 
Africa. This one grove, with half a million trees, 
produces about one-tenth of South Africa’s citrus. 

Zebedicla is irrigated by a basin system. 
All rainfall is kept in the grove, and no run-off 
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occurs. During periods of water shortage, alter- 
nate row irrigation is practiced. Irrigation water 
is applied liberally for deep penetration and to 
minimize loss of water through surface evapo- 
ration. 

Over 200 wells have been drilled, some 
to a depth of 300 feet. The largest well produces 
500 gallons of water a minute. Forty of the wells 
are equipped with pumps, and the rest can be 
used with auxiliary water-lifting devices. 

In the older groves on the estate, planting 
is so dense (spacing distances of 19 feet by 19 
feet) that mechanical cultivation is impossible. 
To maintain the permanent basins, native men 
and women hand cultivate the groves. 

New acreage is being planted with 154 
trees to the acre. When the trees come into bear- 
ing and begin to crowd, groves are thinned to 
103 trees per acre. This leaves hedgerows that 
are later thinned to 53 trees per acre. 

Citrus on the Zebediela Estate blooms in 
September in years of normal weather. The dis- 
trict is subject to such climatic hazards as wind, 
drought, and severe hail. 

Tzaneen-Letaba District: The citrus indus- 
try of the Tzaneen-Letaba district of the north- 
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ern Transvaal has developed rapidly since 1950, 
when malaria was finally brought under control. 
The Tzaneen-Letaba district may be termed the 
“Florida” of the South African citrus industry. 

Rainfall varies from heavy in the higher 
areas to very modest (about 20 inches per year) 
in the lower areas. The high properties, where 
heavy rainfall makes irrigation unnecessary, are 
operated as permanent sod culture to prevent 
erosion. Groves in lower areas are cultivated with 
tractors and clean-cultivated in winter. 

Irrigation is usually practiced from July 
to October. Irrigation water is adequate in the 
areas where it is needed, and is applied by the 
basin method, although there is growing interest 
in the sprinkler system. 

Groves are planted with about seventy-two 
trees to the acre. Older groves at Tzaneen are 
planted in square patterns that are unsuited to 
the sloping terrain. Newer groves, however, are 
being planted on terraced land, and most of them 
are contour-planted to facilitate their care, assist 
irrigation, and prevent erosion (fig. 2-41). 

The Tzaneen-Letaba district is one of the 
earliest in South Africa. Citrus normally blooms 
between August 25 and September 15. Navel or- 
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Fig. 2-41. Contoured young citrus plantings with eucalyptus windbreaks near Tzaneen, northern Transvaal. 


Digitized by Cor gle 


Original from 


rm & 


PENN STATE 


184 


anges are harvested in April and May. Valencias 
that have been sprayed with calcium arsenate to 
advance maturity may be harvested in June. 

Most of the harvest season from May to 
September is dry with less than an inch of rain 
per month. The dry season continues until spring 
in September, when the trees begin to bloom. 
The Tzaneen-Letaba district has no frost problem. 

In the past, citrus was raised primarily on 
rough lemon rootstock. Sweet orange stock is 
being used to some extent in new citrus plantings 
with a ratio of about one-third sweet orange to 
two-thirds rough lemon rootstocks. 

Nelspruit: The Nelspruit area is the center 
of citrus production along the Crocodile River in 
the eastern Transvaal. The planting density is 
usually about seventy-five trees to the acre. In 
most groves, clean mechanical cultivation is prac- 
ticed in the dry season (May through September), 
and a cover crop is raised in the rainy season. 
With the exception of removing dead wood, vir- 
tually no pruning of either orange or lemon trees 
is performed. 

All groves in the Nelspruit area are irri- 
gated, usually about three times a year on heavy 
soils and about five times a year on light soils. 
Irrigation water is primarily from gravity sources 
and is applied in basins. 

Sundays River: The Sundays River area of 
the eastern Cape Province coastal district is a 
valley three to six miles in width. 

Groves resemble those in California. Most 
soils are light sandy loams, well suited to citrus. 
Some of the area has an underlying layer of 
heavier soil. In certain groves, a heavy plow sole 
has developed. 

Year-round clean cultivation is practiced 
in most Sundays River groves, and tractors are 
used for cultivation throughout the area. 

The limiting factor in citrus development 
of the valley is sat Saar water. An extensive 
government project has been planned to bring 
additional water supplies from the Orange River. 
The quality of irrigation water is also a problem. 
At times of normal supply, the water contains 
160 to 170 ppm of sodium chloride. In times of 
water shortage, the concentration may reach 
220 ppm. 

There are minor element deficiencies in 
the soils of the district, and manganese and zinc 
are applied in sprays to remedy this problem. 

Citrusdal: The Citrusdal area is located in 
the western Cape Province district about one 
hundred miles from Capetown. The countryside 
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has little vegetation, except in the river valleys. 
In the winter from July through August, snow 
blankets the surrounding mountain ranges. 

The Citrusdal area has one of the lowest 
rainfalls of the South African producing districts. 
The average rainfall at Clanwilliams is only 8 
inches annually. The rainfall pattern is the oppo- 
site of that in the Transvaal, where winters are 
dry and summers wet. The months of highest 
precipitation in the Citrusdal area are in the 
winter from May through August. 

Soils of the area are light and sandy, af- 
fording excellent drainage, but requiring careful 
irrigation and a heavy fertilizer program. Trees 
grow slowly and are planted twenty feet apart 
with a density of about 106 trees to the acre. 

Irrigation water is of good quality, but the 
sandy soils create application problems. Water is 
usually distributed to the tree basins by means 
of pipes. Some growers are installing overhead 
sprinklers. 

A fertilizer program similar to that of Flor- 
ida has been instituted and is found to be effec- 
tive. Citrus groves are tilled mechanically A cover 
crop of legumes or grass is commonly raised dur- 
ing the winter months, and groves are clean culti- 
vated in the summer. 

Citrusdal is one of the late citrus districts 
of South Africa. Trees normally bloom from Sep- 
tember 15 to October 15. Navel oranges ripen 
early in May and Valencias early in August. 

Floods and drought are major hazards. 
Citrus may be damaged by frost—usually in July. 
In June, 1956, temperatures dropped so low that 
both Valencia and navel oranges were found to 
contain ice crystals when cut open. Lemons were 
frozen so badly that all young lemons on the 
trees were destroyed. 

Pests and Diseases.—South African pests 
and diseases vary in importance among produc- 
ing areas from the humid Transvaal to the dry 
districts of Cape Province. 

Major commercial pests are as follows: 
California red scale, purple scale, soft scale, Flor- 
ida red scale, Glover scale, South African citrus 
thrips, false codling moth, Natal fruit fly, Medi- 
terranean fruit fly, citrus snout beetle, brown 
citrus aphid, swallowtail, citrus mealybug, citrus 
red mite, cotton bollworm, concentric ring blotch, 
red spider, and orange dog caterpillar. 

Citrus diseases of commercial importance 
include: tristeza, stem-pitting of grapefruit (fig. 
2-42), melanose, black spot, dry root rot, stem- 
end rot of fruit, decline diseases of lemons and 
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Fig. 2-42. Trunk of South African grapefruit tree 
affected with stem-pitting disorder. 


mandarins, and “greening” disease. The latter 
disease by 1965 was beginning to depress pro- 
duction appreciably in older plantings in the 
western Transvaal. 

South African Marketing.—Nearly all 
South African citrus is utilized as fresh fruit, and 
the bulk of production is exported. Of a total 
citrus production of about 15 million boxes in 
1963-64, approximately 9.5 million boxes were 
exported. The domestic market accounted for 
4 million boxes of fresh fruit (between 12 and 
15 pounds per capita), and about 2.9 million 
boxes were processed. 
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All domestic marketing of citrus produced 
by growers having 300 or more trees is controlled 
during the export season from April 1 to Novem- 
ber 15 by the South African Cooperative Citrus 
Exchange, Ltd., which is also responsible for 
the marketing of all citrus exports. 

The citrus exchange operates under pow- 
ers granted by the South African Citrus Board, 
a semi-governmental organization established in 
1939 by the Minister of Agriculture and For- 
estry. Under its authority, the citrus board con- 
trols the export of all citrus, establishes prices at 
which sales can be made to processors, whole- 
salers, and retailers, and vagilates the quantity 
of citrus sold, conditions of sale, and methods 
of packing and grading. 

The South African Cooperative Citrus Ex- 
change, Ltd., functions as a complete market- 
ing organization, which maintains field offices 
throughout South Africa to assist growers. In 
addition, the citrus exchange markets the exports 
of the three neighboring countries of Mozam- 
bique, Southern Rhodesia, and Swaziland, al- 
though it has no legal control over the marketing 
from these regions. 

All handling of citrus from packinghouse- 
to-port and ocean freight are paid for by the citrus 
exchange, and expenses are deducted from re- 
turns. All returns are pooled and growers are 
paid according to their participation in each 

ool. 

F The citrus exchange carries out an ener- 
getic advertising campaign of South African citrus 
in European markets, and maintains European 
sales offices responsible for the distribution of 
fruit. In marketing areas, sales are made through 
a panel of importer-wholesalers and auction mem- 
bers, who agree not to handle competitive citrus 
during the South African season. 

All fresh citrus for domestic consumption 
in South Africa is marketed in 30-pound mesh 
bags called “pockets.” Export fruit is wh ae in 
two-compartment boxes as full-wrap packs. 

South African packinghouse facilities are 
generally modern and adequate. The port facili- 
ties for export of fresh citrus are also excellent, 
and include four ports in the Republic of South 
Africa and the port of Lourengo Marques in 
Mozambique. The most important South African 
port is Capetown, and Port Elizabeth is second 
in importance. East London and Durban are 
about equal in importance as ports. The smallest 
quantity of export fruit is handled by the Portu- 
guese port of Lourenco Marques in Mozambique. 
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Table 2-94 


SOUTH AFRICAN CITRUS EXPORTS BY COUNTRY 
OF DESTINATION FOR 1963 
(In Thousand Boxes) 


Country of 

Destination Oranges Lemons — Grapefruit 
Africa 76 ot, 1 
Austria 40 saa 1 
Belgium-Luxembourg 388 2 14 
Canada | 547 ee ar 
Denmark 69 2 3 
Finland 156 10 5 
France 1,101 13 43 
Hong Kong 125 ae suse 
Middle East 55 sive 1 
Netherlands 471 4 15 
Norway 146 5 5 
Philippines 7 
Singapore 131 sie sie 
Sweden 97 2 5 
Switzerland 107 11 16 
United Kingdom 2,856 183 477 
West Germany 957 8 37 
Other Countries 81 1 A 

Total Exports 7,410 241 624 


All of the port facilities are dockside, and 
ships may be loaded directly from pre-cooled 
storage, where oranges are kept at 40° F and 
lemons and grapefruit at 52° F. Oranges to be 
shipped by ventilated stowage are cooled to 
about 50° F. 

The weakest part of South Africa’s export 
system is rail transportation from packinghouse 
to port. Most export citrus travels over 500 miles 
by rail. The railroads are all narrow-gauge and 
transportation is slow, requiring from a week to 
ten days to reach port. Railroad cars are un- 
refrigerated, and the fruit must withstand hot 
days and often near-freezing nights. 

South African Exports.—South Africa’s ma- 
jor citrus exports are made from about April 15 
to October 20. The voyage to Europe, including 
loading and unloading time, requires about a 
month. 

South African navel oranges are marketed 
in hee from about May 15 to August 1, with 
peak volume about July 1. Arrivals are smaller 
in August—between the end of the navel export 
season and the start of Valencia season—than in 
July or September. New plantings of midseason 
varieties should eventually eliminate this gap 
and the volume of exports should become more 
consistent. 

Valencia oranges are marketed in Europe 
from about August 1 to November 20 with peak 
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volume about October 1. European demand for 
summer citrus begins in May when Mediterranean 
supplies decline. South Africa is pressed to meet 
the demand and all through the export season 
must harvest fruit near maturity minimums. 

The relative importance of South Africa’s 
seven major citrus-producing districts in the 
country’s export market is indicated by the fol- 
lowing estimates of exports by 70-pound boxes 
in 1960: Northern Transvaal, 2.9 million boxes; 
Eastern Transvaal, 2.5 million boxes, Eastern 
Cape Coastal, 2 million boxes; Western Cape, 
662,000 boxes; Western Transvaal, 629,000 boxes; 
Cape Midland, 404,000 boxes; and Natal, 369,000 
boxes. 

The bulk of South African citrus produc- 
tion is shipped to European markets. Exports for 
1963 by class of citrus and country of destination 
are shown in table 2-94. 

South African Processing.—South Africa’s 
processing industry is widely scattered with plants 
located at ports or near such large domestic con- 
sumption areas as Johannesburg. In 1956, all of 
the major processing plants were multipurpose 
installations, which canned or processed other 
food items or soft-drink bottlers who processed 
citrus partly for their own operations. 

The South African processing capacity has 
increased from about 50,000 tons of citrus in 1956 
to 100,000 tons in 1963. The increasing impor- 
tance of processing in South Africa is indicated 
by the following tabulation of fruit sold to proc- 
essors from 1958 to 1961: 





Oranges Grapefruit Lemons 
Year Thousand Boxes 
1958 944 113 62 
1959 937 118 88 
1960 1,295 123 85 
1961 1,436 151 106 


Producers of orange juice for export are 
assisted by special fruit prices from the South 
African Cooperative Citrus Exchange, Ltd. The 
United Kingdom is the most important customer 
for juice exports, although in 1960 single-strength 
orange juice was sold to forty-three countries and 
juice concentrates to sixteen countries. Sample 
analyses data on juice characteristics of South 
African oranges and grapefruit are presented in 
table 2-95. 

In 1961, a processing plant, specializing 
in frozen orange juice concentrate for export, 
was built on the Letaba Estates in the Seen 
Transvaal. 

The South African Fruit and Vegetable 
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Table 2-95 


AVERAGE JUICE COMPOSITION OF ORANGES AND GRAPEFRUIT TESTED AT THE CITRUS AND 
SUBTROPICAL RESEARCH STATION, NELSPRUIT 


Yield 
Class of Citrus of Juice 
Variety, and Rootstock (Per Cent) 
Oranges: 
Navel on Sweet Orange 49.4 
Navel on Rough Lemon 48.2 
Valencia on Sweet Orange 54.2 
Valencia on Rough Lemon 53.2 
Midseason Varieties on Sweet Orange 51.4 
Midseason Varieties on Rough Lemon 50.4 
Grapefruit: 
Marsh Seedless on Sweet Orange 43.8 
Marsh Seedless on Rough Lemon 42.0 


Average Juice Characteristics® 


Total Solids- Number of 

Brix Acid Acid Samples 

(Degrees) (Per Cent) Ratio Analyzed 
10.0 0.95 10.5 324 
9.3 0.89 10.7 302 
10.5 1.26 8.3 683 
9.8 1.16 8.4 339 
10.4 1.26 8.3 252 
9.9 1.16 8.5 228 
10.9 1.98 5.5 258 
10.2 1.87 5.5 142 


Source: Marloth, R. H. 1959. Citrus rootstock research in South Africa. Proc. Fifth Intern. Cong. Mediterranean Citrus 
Growers. C.I.T.E.M. Via Toselli 10, Catania, Italy. pp. 1-13. 
* Grand average of analyses of fruit samples obtained at various times during the harvest season over a period of 20 
years. Samples were obtained from 16 of the principal rootstock-scion trials conducted by the experiment station. 
Each value presented is the mean of the number of observations indicated in the right hand column. 


Canners Association reported exports of canned 
citrus products in 1961 as follows: 





Exports to the 
United Kingdom Total Exports 
Item ——Cases of 24 No. 2 Cans 
Grapefruit sections 45,380 47 ,247 
Single-strength grapefruit 
juice 1,523 4,133 
Single-strength orange juice 40,972 83,116 


Brined citrus peel is a major South African 
product, and over 3 million pounds were exported 
in 1954. Other non-juice items in recent years 
have included the export of 35,000 pounds of 
essential oils of orange and lemon and over 
200,000 cases (48-Ib) of marmalade. 


Southern Rhodesia 


Total citrus plantings of Southern Rho- 
desia in 1964 were estimated at 8,000 acres, and 
enlargement of acreage was foreseen. Southern 
Rhodesia citrus production in 1964 was approxi- 
mately 1 million boxes of which about 80 per cent 
was oranges. 

The two major citrus areas are at the 
Mazoe Citrus Estate and in Hippo Valley (fig. 
2-40). On the Mazoe Citrus Estate, which has 
an elevation of about 3,000 feet, annual rainfall 
is 37 inches. The monthly mean maximum tem- 
perature is 81° F and the mean minimum is 
62° F in January; comparable mean temperatures 
for July are 74° F and 40° F, respectively. Rain- 
fall in Hippo Valley ranges from 20 to 25 inches 
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annually, and although highly erratic is mostly 
distributed from November through March. In 
the Hippo Valley area, mean maximums are 90° F 
in January and 79° F in July, and mean mini- 
mums are 68° F and 43° F, respectively. 
Oranges in Southern Rhodesia normally 
bloom between August 20 and September 15. 
Washington navels, the leading variety, are har- 
vested from April to mid-June. Harvest of Valen- 
cias usually begins in August. Other varieties are 
the Premier and various midseason oranges of 
South African origin. Lemons and grapefruit are 
grown for export, and a few mandarins and 


_tangelos are grown for domestic markets. The 


principal rootstock is rough lemon. In most sea- 
sons, citrus must be irrigated from May through 
October. 

While the bulk of commercial production 
of Southern Rhodesia is processed, fresh fruit is 
exported to Europe through the South African 
Cooperative Citrus Exchange, Ltd. Fresh fruit 
exports in 1963 were estimated at 25,000 boxes 
of oranges, 20,000 boxes of grapefruit, and 11,000 
boxes of lemons. 

Construction of pre-cooling and cold stor- 
age facilities at Beira in Mozambique, scheduled 
for completion early in 1966, should stimulate 
fresh citrus exports from Southern Rhodesia. 

Industrial concentrated juices are the pri- 
mary product of the Mazoe Citrus Estate process- 
ing plant, which handles nearly half of Southern 
Rhodesia citrus production. Cold-pressed orange 
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and lemon oils are produced for both export and 
local use. Canned single-strength orange juice is 
produced only for the local market. 

The Hippo Valley project, which began 
in 1956, has approximately 750 acres planted in 
citrus, and expansion of plantings is continuing. 
The first fruit was harvested in 1962 and exported 
to Europe. Exports included 5,000 boxes of grape- 
fruit shipped from Lourengo Marques. 


Swaziland 


The British protectorate of Swaziland in 
southern Africa had about 6,000 acres of citrus 
in 1963, mostly young non-bearing trees. Com- 
pletion in 1963 of a railroad linking the port of 
Lourengo Marques in Mozambique with Swazi- 
land was expected to further stimulate citrus 
plantings. 

Total citrus production in Swaziland in 
1963 was under 400,000 boxes, but production 
is increasing as young trees come into bearing. 
All exports are handled by the South African 
Cooperative Citrus Exchange, Ltd. Exports in 
1963 were estimated at 90,000 boxes of oranges, 
50,000 boxes of grapefruit, and 3,000 boxes of 
lemons. 

Rainfall is about 25 inches annually in the 
low veld and about 38 inches in the middle veld, 
falling largely from October through April in 
both regions. In the low veld, where most plant- 
ings are located, the monthly mean maximum 
temperature is 90° F and the mean minimum is 
69° F for January; mean July temperatures are 
76° F and 48° F, respectively. 

Frost is virtually unknown in the low veld, 
but hail damage is a hazard. Principal rootstocks 
in Swaziland are the rough lemon and sweet 
orange. Nearly all acreage is irrigated with water 
diverted from rivers. 

The bulk of recent plantings in Swaziland 
are grapefruit, and the quality is expected to be 
superior to that of most South African districts. 


Other Southern Hemisphere Countries 


Considerable quantities of citrus are grown 
in countries throughout the southern hemisphere 
part of Africa, including Malawi (formerly Nyasa- 
land), the Republic of Zambia (formerly Northern 
Rhodesia), Mozambique, and Kenva. Other pro- 
ducers of minor importance in the southern hem- 
isphere include the Malagasy Republic (formerly 
Madagascar), Tonga, and numerous islands of 


Ss‘ 
the South Pacific. 
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CHAPIER 3 


The Botany of Citrus 


and Its Wild Relatives 


Vas ACCOUNT of the citrus fruits and their nu- 
merous wild relatives has been written in the 
hope of interesting both citrus growers and expert 
citrus investigators in this large array of plants. 
Nearly every one of them has some a char- 
acter—beauty of foliage; fragrance and beauty 
of the flowers; bright color of the fruits; or, more 
practically, srobable value as a rootstock for some 
of the commonly cultivated species of Citrus or 
even possible use in breeding new types of citrus 
fruits by hybridization. 

The vast majority of citrus fruits and their 
wild relatives are native to southeastern Asia, the 
East Indian Archipelago, New Guinea, Melanesia, 
New Caledonia, and Australia; another group oc- 
curs in tropical Africa. Many of the most interest- 
ing relatives of Citrus have been collected only 
once or twice, and frequently flowers or fruits are 
still imperfectly represented even in the largest 
botanical museums of Europe and America. Con- 
sequently, it has been impossible to have any 
consistent or uniform schedule for describing 
these plants in the present chapter, but each 
genus has been given the best treatment that the 
material available for study would permit. As a 
result, there is presented a connected account of 
the whole orange subfamily and of the two tribes 
into which it is divided, with some remarks on 
the geographical distribution and probable evo- 
lutionary history of some of the more important 
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genera of each of these tribes. The thirty-three 
genera here discussed, however, have been treated 
in as many essays varying somewhat in method, 
content, and taxonomic technique with each 
genus. 

Curiously enough, the reader will find that 
the best-known material is often described with 
the fewest words, whereas in an imperfectly 
known genus, in which the species are still so 
inadequately known as to be difficult to separate 
without abundant material, it has seemed neces- 
sary to describe each species in minute detail to 
make sure that no possible differential character 
has been omitted. It is hoped and believed that 
the reader will find something of interest in the 
discussions given under each of the thirty-three 
genera. 

Each tribe and every genus in the sub- 
family is keyed out fully so that any of them can 
be easily identified if material is available. Four- 
teen of the thirty-three genera contain only a 
single species, so that the key to these genera 
in effect identifies these species. The remaining 
nineteen genera, eae from two to many 
species, are supplied with keys to determine all 
the species except with respect to the genus Gly- 
cosmis, where only part of the species are keyed 
out, although all are listed. It is much easier to 
get an idea of the character of the species by 
studving the keys than by reading the detailed 
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descriptions, which are to be considered as mate- 
rial for reference. These technical descriptions 
may, however, at any time become useful in the 
event any little-known a becomes important 
either for ornament or for use in practical citrus 
culture. 

The commonly cultivated citrus fruits be- 
long to three genera, Citrus, Fortunella, and Pon- 
cirus, all closely related and all belonging to the 
subtribe Citrinae, of the tribe Citreae, of the 
orange subfamily Aurantioideae, of the plant 
family Rutaceae. There are six other subfamilies 
in the Rutaceae. 

The family Rutaceae, in turn, is obviously 
related to two other plant families: the Simaru- 
baceae, to which belongs the tree of heaven, 
Ailanthus altissima (Mill.) Swing.; and the Meli- 
aceae, of which the Chinaberry, Melia azedarach 
L., is a well-known example. These plant families 
are classed by taxonomic botanists along with 
some eighteen other families in the natural order 
Geraniales, of which twelve families are included 
in the suborder Geraniineae, which includes the 
Rutaceae. 

Although the classification system of Eng- 
ler is followed in the arrangement of specimens 
in the larger herbaria in this country, it is not 
eae aia in the modern sense. It follows a 
logical sequence of steps in the arrangement of 
its larger taxa from the simple to the complex 
on the premise that evolutionary lines progressed 
from apetaly to polypetaly and gamopetaly, apo- 
carpy to syncarpy, hypogyny to epigyny, and 
actinomorphy to zygomorphy. Engler believed 
that flowers that appear simple have always 
been simple. This view is now rejected by most 
botanists. 

Hutchinson (1926) developed a presumed 
phylogenetic system of classification based upon 
many of the principles on evolutionary trends in 
the angiosperms adopted earlier by Bessey (1915) 
and subscribed to by Fuller and Tippo (1949) 
and most students of floral anatomy. The major 
point of divergence of the Hutchinson system 
from earlier systems is the division of the dicoty- 
ledonous plants into two subgroups: the Herba- 
ceae composed of families that are predominantly 
herbaceous, and the Lignosae whose members 
are predominantly arborescent. Upon this prem- 
ise the Rutaceae is placed in the Rutales, an 
order Hutchinson considers derived from the 
Celastrales. This system of classification places 
the Rutaceae in a position quite remote from the 
Geraniales through which Engler and Diels con- 
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sider them derived. 

Hutchinson's insistence that seed ae 
had a monophyletic origin from hypothetical pro- 
angiosperms and that families of predominantly 
herbaceous plants have evolved from the Ranales 
and families of predominantly woody plants from 
the Magnoliales has prevented the general ac- 
ceptance of his system, but it has greatly stimu- 
lated phyletic thinking in recent decades and 
may ultimately lead to the development of a 
system based upon the works of Smith (1938) and 
Eames (1936) and an elaboration of the skeletal 
system of classification of vascular plants set forth 
by Tippo (1942). 

The orange subfamily includes several 
genera with rather numerous species that have 
a very primitive flower and fruit structure, much 
like that of other subfamilies of the Rutaceae and 
even analogous to that of several subfamilies in 
the plant families Simarubaceae and Miliaceae, 
which stand very close to the Rutaceae in the 
natural system. 

First of all, to show at a glance in clear 
perspective the proper taxonomic placement of 
the orange subfamily in relation to the six other 
subfamilies of the plant family Rutaceae to which 
it belongs, an outline of the Rutaceae is given 
showing all subfamilies and tribes and subtribes 
(pp. 193-94), followed by a concise outline of the 
taxonomic arrangement of the orange subfamily 
listing tribes, subtribes, subtribal groups, and 
genera, with page references to each item (p. 195). 

It is worth noting that before 1943 no ac- 
count of the orange subfamily describing all the 
genera and species of the world had been pub- 
lished for more than a century. Prior to publication 
of the original version of this chapter (Webber and 
Batchelor, 1943), the last complete account of the 
orange subfamily by a taxonomist was published 
by Augustin P. de Candolle (1824, vol. 1, pp. 535- 
40) and contained eleven genera and forty-three 
species, only a third as many genera and less 
than a fourth as many species as are discussed 
here. 


PRINCIPAL TAXONOMIC WORKS ON CITRUS 
AND RELATED GENERA PUBLISHED 
SINCE 1860 


In December, 1860, Daniel Oliver read 
before the Linnean Society of London a paper 
entitled “The Natural Order Aurantiaceae, with 
a Synopsis of the Indian Species.” It was pub- 
lished the following year (Jour. Linn. Soc. Bot. 
3 [2]: 1-44) and covered not only all the genera 
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and species of this order then known in India 
(nine genera and thirty-one species), but also 
fourteen additional extra-Indian species belong- 
ing to six genera, including one genus not found 
in India except in cultivation—a grand total of 
ten genera and forty-five species. Oliver did not, 
however, attempt to treat the genus Citrus. This 
was the first of the modern high-grade taxonomic 
works on the orange subfamily. 

In 1875, J. D. Hooker recognized thirteen 
genera in the orange subfamily with forty-three 
species (in Citrus he gave only four species) in 
the account of the family Rutaceae in his Flora 
of British India (vol. 1). 

In 1888, Dr. E. Bonavia brought forth a 
voluminous treatise, The Cultivated Oranges and 
Lemons, etc., of India and Ceylon, with an atlas 
published in 1890. This highly imaginative work, 
by a genuine lover of plants, used for the most 
part only native names for the varieties discussed, 
but it aroused interest all over the world. Bona- 
via’s theories of the morphology and evolution of 
citrus fruits were highly original and ingenious 
but departed widely from the critical standards of 
professional morphologists and taxonomists. 

In 1910, A. W. Lushington published “The 
Genus Citrus” (Indian Forester 36:323-53) and 
gave names to many of the Indian cultivated 
varieties studied by Bonavia. He also named some 
of the citrus fruit trees figured and described by 
Rumphius in the seventeenth century. 

Henry N. Ridley, for many years director 
of the gardens and forests (including the Singa- 
pore Botanic Gardens) in the former British 
colony of Straits Settlements, published many 
articles on rare Malayan plants, and a five-volume 
Flora of the Malay Peninsula. Many new species 
of the orange subfamily were described by Ridley 
in the first series of papers and coordinated with 
the previously known ones in his Flora. 

W. G. Craib (1926, vol. 1, pp. 215-39), 
who wrote the pei of the Flora of Siam, 
discovered and described several very interesting 
new species of Citrus relatives. 

A. Guillaumin, taxonomist of the Musée 
dHistoire Naturelle at Paris, in 1911 gave a de- 
tailed illustrated account of the Rutaceae in 
Lecomte’s Flore genérale de 'Indo-Chine. In the 
subfamily Aurantioideae he recognized eleven 
genera and forty-four species, of which six were 
in Citrus. He also published a valuable paper on 
the species of Atalantia (in the broad sense) of 
continental Asia and on the Citrus of New Cale- 
donia (now placed in the genus Oxanthera). 
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I. H. Burkill, F.L.S., former director of the 
Botanic Gardens at Singapore, has taken much 
interest in the species of Citrus and related gen- 
era that are native in the Malayan region. His 
“Enumeration of the Species of Paramignya, 
Atalantia, and Citrus Found in Malay,” published 
in 1931, and his very valuable two-volume work, 
Dictionary of Economic Products of the Malay 
Peninsula (1935), were used frequently in pre- 
paring this chapter. 

E. D. Merrill, former chief of the Bureau 
of Science at Manila, P.I., and later administra- 
tor of botanical collections and director of the 
Arnold Arboretum, Harvard University, published 
much valuable information regarding previously 
published species and described many new spe- 
cies of Citrus relatives from the Philippines, Bor- 
neo, Indo-China, and China. 

Tyézaburé Tanaka, who had specialized, 
while a student in the Imperial University, on 
the study of the cultivated varieties of Citrus, 
accompanied the senior author as guide, interpre- 
ter, and assistant through the citrus-growing re- 
gions of Japan in 1915 (and again in 1918 and in 
1926). He returned to Washington with Swingle 
in 1915 and was employed as his assistant at 
different periods from 1915 to 1930 in the former 
Bureau of Plant Industry of the U.S. Department 
of Agriculture. 

In 1928-1930, Tanaka made a trip around 
the world during which he photographed mate- 
rial of all the genera and species of the orange 
subfamily to be found in the principal herbaria 
of Europe and America. His studies of this mate- 
rial led to the publication of a series of papers 
on the taxonomy of the subfamily Aurantioideae, 
entitled “Revisio aurantiacearum.” These papers 
constitute a very valuable contribution to the 
taxonomy of this group. Tanaka’s chief works are 
concerned with satsuma varieties (Tanaka, 1932c) 
and citrus species problems (Tanaka, 1954, 1959, 
and 1961). 

In 1896, Dr. Adolph Engler published in 
the first edition of Die natiirlichen Pflanzenfami- 
lien an account of the plant family Rutaceae. His 
treatment of the orange subfamily included four- 
teen gencra, and he estimated the total number 
of species at about seventy-one, of which six were 
in the genus Citrus. Thirty-five years later Dr. 
Engler, who for more than fifty years had spe- 
cialized on the Rutace: ae, wrote, as his last botani- 
cal contribution, a revised account of this family 
in the second edition of Die nattirlichen Pflanzen- 
familicn. He included twenty-nine genera in the 
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Aurantioideae and estimated the species at about 
180, of which eleven were in the genus Citrus. 

Between 1912 and 1926, Walter T. Swingle 
(the senior author) published seventeen taxonom- 
ic papers on tribes, subtribes, genera, and spe- 
cies of the orange subfamily. Dr. Engler adopted 
nine of the genera Swingle proposed and used his 
illustrations for several of them. It will be evi- 
dent to every reader of this chapter that Swingle 
has drawn freely on Engler’s great store of knowl- 
edge of the orange subfamily. 


POSITION OF THE ORANGE SUBFAMILY, 
AURANTIOIDEAE, IN THE PLANT 
FAMILY RUTACEAE 


The family Rutaceae belongs to the di- 
vision Embryophyta Siphonogama, subdivision 
Angiospermae, class Dicotyledoneae, subclass 
Archichlamydeae (Choripetalae and Apetalae), 
order Geraniales, suborder 1, Geraniineae, along 
with eleven other plant families classed by Eng- 
ler and Diels (1936, p. xl) in the following order: 
Oxalidaceae, Geraniaceae, Tropaeolaceae, Lina- 
ceae, Erythroxylaceae, Zygophyllaceae, Cneora- 
ceae, Rutaceae, Simarubaceae, Burseraceae, Meli- 
aceae, Akariaceae. The other suborders of the 
Geraniales are as follows: 2, Malpighiineae (3 
families); 3, Polygalineae (2 families); 4, Dicha- 
petalineae (1 family); 5, Tricoccae (2 families); 
6, Callitrichineae (1 family). The order Geraniales 
is preceded by the order Rosales (including 17 
families, among them Rosaceae and Legumino- 
sae) and followed by the order Sapindales (in- 
cluding 23 families, among them Anacardiaceae 
and Sapindaceae). 

The relationship of the orange subfamily 
to the six other subfamilies of the Rutaceae is 
shown by the general key given by Engler (1931, 
pp. 205-11), which, translated somewhat freely 
from the German, reads as follows: 

Subfamily I. RUTOIDEAE. Carpels usually 4-5, 
seldom 1-3 or more, often united oily. by the common 
pistil and free below, at maturity more or less separated, 
i aaa inward by splitting the follicle (loculicidal), usu- 
ally with a dehiscent endocarp, very seldom with 4-1 
fleshy drupes (Pitaviinae). Leaves and bark of twigs with 


schizolysigenous oil glands. (5 tribes, 17 subtribes, 86 
genera.) 


Tribe (i) Xanthoxyleae. Trees or shrubs, mostly 
with small, greenish or greenish-white (seldom large and 
clear white) flowers which are always actinomorphous (ra- 
dial) and often unisexual. Carpels only seldom with more 
than 2 ovules, Embryo mostly with flat cotyledons in en- 


1 The Monsoon region is used here in a broad sense 
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dosperm (except Bosistoa and Pagetia). (5 subtribes, 30 
genera.) Subtribe 1, Evodiinae (includes Xanthoxylon and 
Fagara) (20 g.), tropics and subtropics of Old and New 
Worlds; subtr. 2, Lunasiinae (1 g.), Monsoon region;? 
subtr. 3, Decatropidinae (3 g.), Central America; subtr. 4, 
Choisyinae (5 g.), Central America, Pacific Islands, and 
Australia; subtr. 5, Pitaviinae (1 g.), Chile; 


Tribe (ii) Ruteae. Herbs or perennial herbs, sel- 
dom shrubs, with medium-sized, always perfect flowers, 
which sometimes (Dictamnus) are aes zygomorphic. 
Carpels as a rule with more than 2 ovules (only in Ruta in 
the subgenus Haplophyllum with 2 ovules and occasion- 
ally indehiscent fruitlets). Seeds with endosperm. (2 sub- 
tribes, 6 genera.) Subtr. 6, Rutinae (5 g.), subtropical and 
temperate regions of Old and New Worlds (includes 
Cneoridium, a California shrub); subtr. 7, Dictamninae (1 
g.), temperate zone of Europe and Asia; 


Tribe (iii) Boronieae. Perennial herbs or shrubs. 
Carpels with only 1 or 2 ovules. Flowers always actino- 
morphic, mostly perfect. Embryo usually straight, cylin- 
drical, usually immersed in abundant fleshy endosperm. 
(5 subtribes, 19 genera.) Subtr. 8, Boroniinae (6 g.), Aus- 
tralia and New Caledonia; subtr. 9, Erjostemoninae (9 g.), 
Australia and New Caledonia; subtr. 10, Correinae (1 g.), 
Australia; subtr. 11, Nematolepidinae (2 g.), Western Aus- 
tralia; subtr. 12, Diplolaeninae (1 g.), Western Australia; 


Tribe (iv) Diosmeae. Mostly perennial herbs and 
shrubs, seldom trees (Calodendrum), always with simple 
leaves. Flowers almost always actinomorphic, mostly per- 
fect. Seeds without endosperm. Embryo mostly straight 
with fleshy cotyledons. (3 subtribes, 12 genera.) Subtr. 13, 
Calodendrinae (1 g.) East Africa (Kenya) to Cape Prov- 
ince (South Africa); subtr. 14, Diosminae (9 g.), Cape 
Province (South Africa); subtr. 15, Empleurinae (2 g.), 
Cape Province (South Africa); | 


Tribe (v) Cusparieae. Shrubs or trees. Flowers 
actinomorphic or the corolla and the androecium zygo- 
morphic. Seeds with little or no endosperm. Embryo 
curved, the plumule lying between the cotyledons. (2 cube 
tribes, 19 genera.) Subtr. 16, Pilocarpinae (3 g.), tropical 
America and subtropical South America; subtr. 17, Cus- 
pariinae, (16 g.), tropical America, mostly Brazil and 
northern South America. 


Subfamily Il. DICTYOLOMATOIDEAE. Leaves 
with many-celled but not lysigenous oil glands. Flowers 
actinomorphic. Stamens isomerous and alternate with the 
petals, with bractlets at the base. Carpels united only at 
the base, with several ovules. Fruits with dehiscent endo- 
carp, 3-4 seeded. Small trees with doubly pinnate leaves. 
(1 tribe, 1 genus.) | 


Tribe (vi) Dictyolomateae. (1 genus.) Brazil and 
eastern Peru. 


Subfamily III. FLINDERSIOIDEAE. Trees or 
shrubs. Carpels 5-3, united, each with 2-8 ovules in 2 
rows. Fruit a loculicidal or septicidal capsule, with per- 
sistent endocarp. Seed winged, without endosperm. 
Leaves with lysigenous oil glands. (1 tribe, 2 genera. 

Tribe (vii) Flindersieae. (2 genera.) Eastern Aus- 
tralia, New Caledonia, East Indian Archipelago, Ceylon, 


and India. 


>to include southeastern Asia, the East Indian Archipelago, 


New Guinea, Melanasia, northeastern Australia, and New Caledonia. 
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Subfamily IV. SPATHELIOIDEAE. Carpels 3, 
completely fused, each with 2 pendent ovules. Fruit a 
winged drupe with a 3-loculed hard ge With oil-bearing 
secretory cells in the leaves, bark, and pith; lysigenous oil 


glands in the leaf margins. (1 tribe, 1 genus.) 
Tribe (viii) Spathelieae. (1 genus.) West Indies. 


Subfamily V. TODDALIOIDEAE. Carpels 5-2, 
incompletely or completely united, or else sae 1, each 
with 1 or 2 ovules. Fruit formed out of 4-2 drupelets united 
only at the base, of which some occasionally abort, or else 
a drupe with a thick or thin mesocarp and a thick or thin 
endocarp, or a dry, winged, indehiscent fruit. Seeds with 
or without endosperm. (1 tribe, 6 subtribes, 25 genera.) 


Tribe (ix) Toddalieae. (6 subtribes, 25 genera.) 
Subtr. 18, Phellodendrinnae (2 g.), temperate and sub- 
tropical eastern Asia and tropical Africa; subtr. 19, Sohn- 
reyiinae (1 g.), Amazon Valley, Brazil; subtr. 20, Pteleinae 
(4 g.), tropical and temperate America; subtr. 21, Ori- 
ciinae (2 g.), tropical Africa; subtr. 22, Toddaliinae (13 
g.), tropics, Old and New Worlds (include Casimiroa, a 
Mexican and Central American fruit tree); subtr. 23, Amy- 
ridinae (3 g.), northern South America, West Indies, Cen- 
tral America, Texas, Florida, tropical Africa. [The genus 
Amyris, having about 30 species native to Florida, Texas, 
Mexico, Central America, West Indies, and northern 
South America, is rather closely related to the tribe Clau- 
seneae of the next subfamily, Aurantioideae. ] 


Subfamily VI. AURANTIOIDEAE. Fruit a berry 
[or hesperidium] with a leathery rind or hard shell, in 
tribe Citreae often with pulp formed by juicy emergen- 
zen that arise on the carpellary walls. Seeds without endo- 
sperm, sometimes with 2 or more nucellar [false] embryos. 
Leaves and bark [of twigs and young branches] with 
schizolysigenous oil penile fecal or sometimes large 
trees, rarely shrubs.]; (2 tribes, 33 genera.) [This subfamily 
is given as classified by Swingle for this chapter. Engler 
made a single tribe with 2 subtribes and with a total of 
29 genera. ] 


Tribe (x) Clauseneae. (3 subtribes, 5 genera.) 
Subtr. 24, Micromelinae (1 g.), Monsoon region and west- 
erm Polynesia as far as Tonga, Fiji, and Samoan Islands; 
subtr. 25, Clauseninae (3 g.), Monsoon region and tropical 
Africa; subtr. 26, Merrilliinae (1 g.), Malay Peninsula and 
Sumatra; 


Tribe (xi) Citreae. (3 subtribes, 28 genera.) Subtr. 
27, Triphasiinae (8 g.), Monsoon region; subtr. 28, Cit- 
rinae (13 g.), Monsoon region and tropical Africa; subtr. 
29, Balsamocitrinae (7 g.), Monsoon region and tropical 
Africa. 

Subfamily VII. RHABDODENDROIDEAE. 
Flowers with a bowl-shaped concave receptacle, with 
obliterated calyx, 5 petals, and very numerous stamens. 
Ovary free, ovoid, l-locular, with 1 basal ovule. Pistil 
attached to the side of the ovary, with a long lateral 
stigma. Fruits with thin exocarp and thin endocarp. 
Leaves simple. (1 tribe, 1 genus.) 


Tribe (xii) Rhabdodendreae. (1 genus.) Amazon 
Valley. 

Total for the Rutaceae: 7 subfamilies, 12 tribes 
(containing 29 subtribes), with about 150 genera and 


1,600 species. 
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THE ORANGE SUBFAMILY, 
AURANTIOIDEAE 


The subfamily Aurantioideae is defined 
briefly above in the outline of the Rutaceae, 
where all the subfamilies, tribes, and subtribes 
of this plant family are given. All the species of 
the Aurantioideae are trees or shrubs with per- 
sistent (evergreen) leaves except in the three 
monotypic genera, Poncirus, Aegle, and Feronia, 
and in three species of Clausena (C. pentaphylla, 
C. dentata var. dulcis, and C. suffruticosa) and 
one of Murraya (M. alternans). The flowers are 
usually white and very often fragrant. Many of 
the genera bear subglobose fruits with a green, 
yellow, or orange peel dotted with numerous oil 
glands that often give an agreeable aroma when 
the fruit is handled. The fruits of the genus Citrus 
are among the most beautiful, most fragrant, and 
most delicious known to man. This subfamily 
contains Citrus and thirty-two other genera re- 
lated more or less to Citrus, classed in two tribes 
and six subtribes which contain, as treated here, 
203 species. The genus Citrus and a few others 
closely related to it have fruits unlike any others 
known to botanists in being filled with curious 
pulp-vesicles which contain in many species a 
delicious juicy tissue. The subtribe Balsamocit- 
rinae, which belongs to the tribe Citreae, has 
fruits as large as oranges or grapefruits but with 
a hard woody shell. These hard-shelled fruits do 
not contain juicy pulp-vesicles, although some 
of them are pleasantly aromatic and much liked 
by both natives and Europeans in India and 
Indo-China. 

Many of the remote relatives of Citrus 
belonging to the tribe Clauseneae have extremely 
small fruits very unlike those of Citrus and 
usually semidry and entirely inedible. Neverthe- 
less some of these remote relatives have been 
found to be graft-compatible with Citrus. 

The native habitat of the subfamily Auran- 
tioideae is limited to the Old World. Most of the 
genera are found in the Monsoon region from 
West Pakistan to north-central China and thence 
south through the East Indian Archipelago to 
New Guinea and Bismarck Archipelago, north- 
eastern Australia, New Caledonia, Melanesia, and 
the western Polynesian islands. Of the thirty- 
three genera that constitute the Aurantioideae, no 
fewer than twenty-nine are native to the Monsoon 
region and twenty-seven of them are found only 
there. Five genera, belonging to two tribes and 
to three subtribes, are native to tropical Africa 
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and four genera are found only there. Only one 
genus, Clausena, is native both to the Monsoon 
region and to tropical Africa. Many of the species 
of Citrus and of the genera closely related to 
Citrus are now found in cultivation or are grown 
for ornament in all the tropical and subtropical 
regions of the world. 


Tribes, Subtribes, and Genera of the 
Subfamily Aurantioideae 


The thirty-three genera of the subfamily 
Aurantioideae are divided naturally and easily 
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into two tribes: the Clauseneae, with five genera, 
including the remote relatives of Citrus; and the 
Citreae, with twenty-eight genera, including Cit- 
rus and all its closer relatives. Each of these two 
tribes is divided into three subtribes, making six 
in all. Keys are given to separate the two tribes 
and also the subtribes. 

As these tribes and subtribes are frequent- 
ly referred to in discussing relationships, English 
phrases have been applied to them, in addition 
to their technical Latin names, that will, it is 
hoped, suggest rather definitely the degree of 


LIST OF TRIBES, SUBTRIBES, SUBTRIBAL GROUPS, AND GENERA OF THE 
ORANGE SUBFAMILY, AURANTIOIDEAE 


Tribe I. Clauseneae: Very Remote and Remote Citroid Fruit Trees (3 subtribes, 5 genera, 79 species, 20 varie- 


TS ota 208 streetscene SN ato or ce gin Chaat att ath yee oc ater inten tet ees aie ncaa p. 196 
Subtribe 1. Micromelinae: Very Remote Citroid Fruit Trees (1 genus, 9 species, 4 varieties) ........2....00.0. p. 197 
I. Micromelum (9 sp.) (4 var.) p. 197 
Subtribe 2. Clauseninae: Remote Citroid Fruit Trees (3 genera, 69 species, 16 varieties) .........00.0 eects p. 205 
II. Glycosmis (35 sp.) p. 206 
III. Clausena (23 sp.) (12 var.) p. 209 
IV. Murraya (11 sp.) (4 var.) p. 231 
Subtribe 3. Merrilliinae: Large-Fruited Remote Citroid Fruit Trees (1 genus, 1 species) .........0.0...:ce cece p. 240 
V. Merrillia® p. 240 


Tribe II. Citreae: Citrus and Citroid Fruit Trees (3 subtribes, 9 subtribal groups, 28 genera, 124 species, 18 


Subtribe 1. 


V2.9 Cad © (coche ee AR Pe ATI i BOR eRe PE rea AY noe ee CE iT OTE ee Or eee p. 242 
Triphasiinae: Minor Citroid Fruit Trees (3 subtribal groups, 8 genera, 46 species, 3 varieties)........p. 243 


VI. Wenzelia (9 sp.) (1 var.) p. 245 
VII. M thocitrus® , 252 . 
a ess ae j 4 254 A. Wenzelia Group (4 genera, 15 species, 1 variety)............ p. 245 
IX. Merope® p. 258 
X. Triphasia (3 sp.) . 259 ; ; 
XI. Pa - Lage P _ 262 B. Triphasia Group (2 genera, 4 species)...............0.000. wees. 259 
XII. Luvunga (12 sp.) p. 265 


XIII. 


Paramignya (15 sp.) (2 var.) p. 270 C. Luvunga Group (2 genera, 27 species, 2 varieties).......... p. 264 


Subtribe 2. Citrinae: Citrus Fruit Trees (3 subtribal groups, 13 genera, 65 species, 15 varieties)................0.004 p- 279 
XIV. Severinia (6 sp.) p. 283 
XV. Pleiospermium (5 sp.) p. 290 
XVI. Burkillanthus® p. 294 A. Primitive Citrus Fruit Trees (5 genera, 14 species) ........ p. 281 
XVII. Limnocitrus® p. 297 
XVIII. Hesperethusa® p. 299 
XIX. Citropsis (11 sp.) (1 var.) p. 301 B. Near-Citrus Fruit Trees (2 genera, 22 species, 4 varie- 
XX. Atalantia (11 sp.) (3 var.) p. 315 CCS) oor aces fe SA Corn cases OM em cetera aed ee hod p. 301 
XXI. Fortunella (4 sp.) (1 var.) p. 328 
XXII. Eremocitrus® p. 339 
XXIII. Poncirus® (1 var.) p. 344 C. True Citrus Fruit Trees (6 genera, 29 species, 11 varie- 
XXIV. Clymenia® p. 349 BIOS) bs Bee pce ateviaes od cete se cees a tes epee abated ce eaeeaearces p. 326 
XXV. Microcitrus (6 sp.) (1 var.) p. 350 
XXVI. Citrus (16 sp.) (8 var.) p. 358 
Subtribe 3. Balsamocitrinae: Hard-Shelled Citroid Fruit Trees (3 subtribal groups, 7 genera, 13 species) ........ p- 401 
XXVII. Swinglea® p. 403 A. Tabog Group (1 genus, 1 species) 00.00.00... eee eee p. 403 
XXVIII. Aegle*® p. 406 
XXIX. Afraeple (4 sp.) ~ 409 oe 
XXX. Aeglopsi (2 oe) . 412 B. Bacl-F ruit Group (4 genera, 8 species) ............c eee p. 406 
XXXI. Balsamocitrus® p. 414 
XXXII. Feronia® .415 ; ; 
XXXII. Feroniella (3 sp.) Hi 417 C. Wood-Apple Group (2 genera, 4 species).......0.0..00.06 p. 415 


Totals: 2 tribes, 6 subtribes, 9 subtribal groups, 33 genera, 203 species, 38 varieties. 
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KEY TO THE TRIBES OF THE ORANGE SUBFAMILY, AURANTIOIDEAE 


A Twigs never bearing axillary spines; leaves usually odd-pinnate and then with leaflets always attached alternately 
to the nonarticulated rachis, rarely 3- or 1-foliolate; rachis not breaking into segments when the leaves fall; ovary 2- 
5 locular (rarely 6-locular in Merrillia), with 1 or 2 ovules in each locule (except in Merrillia, which has 8-10); 
fruits small (except in Merrillia), with no pulp-vesicles in the locules, semidry or juicy berries (except in Merrillia). 
Tribe I. Clauseneae: Very Remote and Remote Citroid Fruit Trees (p. 209) 


AA Twigs of oe plants bearing single or paired spines (except in the 4 species of Oxunthera, in 6 of the 9 species 

of Wenzelia, in a few species of Pleiospermium, and in several species of Severinia); leaves often odd-pinnate and 
then with leaflets always attached to the articulated rachis in strictly opposite pairs, or 1-3-foliolate or simple; rachis 
of pinnate leaves breaking up into segments when the leaves fall; ovary usually 2-5 locular with 1 or 2 ovules in 
each locule, or 6-18 locular with 4-18 ovules in each locule, locules often containing pulp-vesicles that enlarge as 
the fruit develops and, with the seeds, fill the cavity completely; fruits small when few-locular, or often large when 
multilocular with a well-developed glandular peel or hard shell (except in Severinia buxifolia and Triphasia trifolia, 


which have very thin-skinned soft berries). 


relationship of each tribe or subtribe to Citrus. 

The natural order of the tribes and sub- 
tribes of the orange subfamily is from the most 
simple to the most specialized, as shown in the 
list on page 195, except that the subtribe Balsamo- 
citrinae, although comprising species somewhat 
less highly specialized than those in the subtribe 
Citrinae, has been placed at the end of the series. 
This has been done to avoid intercalating the 
subtribe Balsamocitrinae between the subtribes 
Triphasiinae and Citrinae, an arrangement which 
would have obscured the close relationship clear- 
ly exhibited by some of the genera of Tripha- 
siinae with some of the more primitive genera of 
Citrinae. The list on page 195 gives the number of 
groups under each subtribe, as well as the number 
of genera. The genera having only one species 
(monotypic) are marked with an asterisk; the num- 
ber of species and varieties in other genera is 
given after the genus name in parentheses. 


TRIBE 1. CLAUSENEAE: VERY REMOTE 
AND REMOTE CITROID FRUIT TREES 


The tribe Clauseneae includes the more 
primitive genera of the orange subfamily. None 
of the species develop spines in the axils of the 
leaves and the odd-pinnate leaves are at once 
distinguished from those of the tribe Citreae by 
having the leaflets attached alternately to the 
rachis, which does not break up into segments 
when the leaves fall; rachises are not winged 
(except in Merrillia caloxylon, Murraya alata, M. 
alternans, Clausena guillauminii, C. wallichii, and 
C. luxurians). | 

Trifoliolate leaves are rarely found exclu- 
sively on anv species but occur sporadically 
merely by reduction of odd-pinnate leaves to 
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Tribe II. Citreae: Citrus and Citroid Fruit Trees (p. 242) 


trifoliolate leaves, often on the same plant. Such 
trifoliolate leaves do not show clearly the precise 
pairing of the lateral leaflets that is always shown 
in the tribe Citreae. The leaves of plants of the 
tribe Clauseneae do not show the winged petioles 
often found in members of the tribe Citreae (ex- 
cept very narrow wings on the six species noted 
above). 

The ovary has two to five locules with only 
one or two ovules in each locule, except in 
Merrillia, which has five (rarely six) locules and 
eight to ten ovules in each locule. The fruits are 
usually small semidry or juicy berries, except in 
Merrillia, which has ovoid fruits the size of a 
lemon, with a tough leathery peel. The mature 
ovaries and young fruits of Micromelum have 
the locule walls convolute. This genus has the 
petals valvate in aestivation, differing thereby 
from all the other genera of the subfamily. 

The bundle traces which enter the sepals 
and petals in plants of the tribe Clauseneae were 
found by Albert H. Tillson (1938, p. 9; Tillson 
and Bamford, 1938, p. 783) “to arise independ- 
ently from the axis and to display no trace of 
fusion with each other.” In the tribe Citreae only 
three of the twenty-four genera which he studied 
fail to show such fusions. (See p. 243.) 

Only a few genera (five in all) have been 
established in this tribe, whereas the tribe Citreae 
has twenty-eight. Seventy-nine species are listed 
here in the tribe Clauseneae and 124 in the tribe 
Citreae, but the largest genus of the tribe Clau- 
seneae, namely, Glycosmis, for which thirty-five 
species have been named, is still only imperfectly 
known. 

The tribe Clauseneae falls into three very 
natural subtribes, as is shown by the following 
key: 
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KEY TO THE SUBTRIBES OF CLAUSENEAE 


A Petals valvate (placed edge to edge in the bud); ovary locules often (or always?) twisted; cotyledons thin, folded. 
Subtribe 1. Micromelinae: Very Remote Citroid Fruit Trees (p. 197) 
AA Petals imbricate (the edges overlapping in the bud); ovary locules not twisted; cotyledons thick, plano- 


convex, not folded .o........ cece cee cece ccc ceeseeceecccceeeeeeeeeeseeecees 


B Flowers small, actinomorphic, not pendent; ovary with 2-5 locules, each with 1 or 2 ovules; fruits small, thin- 
skinned, juicy or dryish berries with well-marked glandular peel; seeds glabrous, never with thin flattened paleae. 
Subtribe 2. Clauseninae: Remote Citroid Fruit Trees (p. 205) 


BB Flowers very large; ovary having 5 or 6 locules, each with 8-10 ovules; fruit large (size of a lemon or 


rger), 


with a thick, leathery, radially lacunose exocarp; seeds covered with thin flattened paleae. 
Subtribe 3. Merrilliinae: Large-Fruited Remote Citroid Fruit Trees (p. 240) 


Subtribe 1. Micromelinae: Very Remote 
Citroid Fruit Trees 


The subtribe Micromelinae contains only 
one genus, Micromelum, with some nine or ten 
species, many of them very much alike and rather 
hard to distinguish. All the species have odd- 
pinnate leaves with alternate leaflets borne on 
a nonarticulated rachis, except M. diversifolium, 
which has trifoliolate or unifoliolate leaves. The in- 
florescences are corymbose-paniculate, often very 
large and usually flat-topped, often surrounded 
by leaves much larger than even the largest 
inflorescences. 

The leaves of Micromelum are very similar 
to those of Clausena and Murraya, to which gen- 
era specimens of Micromelum are sometimes as- 
signed, even by experienced collectors and also 
by experienced botanists. The flowers, ovaries, 
and seeds are, however, very different. The petals 
of Micromelum are valvate, not imbricate, and 
the cotyledons are flat and folded, not thick and 
plano-convex as in all other genera of the sub- 
family Aurantioideae. The ovaries show a curious 
twisting of the radial follicle walls, also unique 
in the orange subfamily. 

These remarkable diversities in characters 
are of much taxonomic importance and are proof 
of the ancient origin of Micromelum, a view also 
supported by the very wide distribution of the 
genus in the Monsoon region, much farther to 
the eastward in a truly indigenous state than any 
other genus of the orange subfamily. 


|. Micromelum Blume 


J. Micromelum Blume, Bijdr. Fl. Neder. 
Indie 3:137. 1825; nomen conservandum, Intern. 
Congr. Bot. 1930. Aulacia Lour. Fl. Cochinch. 
1:273. 1790. 


Type species.—Micromelum pubescens Blume. 

Distribution.—Northeastern India: Burma to Aus- 
tralia and New Caledonia; Fiji, Tonga, and Samoan 
islands in western Polynesia. 


Google 


Small spineless trees; leaves odd-pinnate (rarely 
3-foliolate or 1-foliolate in M. diversifolium); leaflets thin, 
alternate on wingless rachis; inflorescences usually large, 
terminal corymbose panicles often flat-topped; flowers 
small, 5-merous (except the stamens, which are twice as 
many as the petals); petals valvate in the bud; ovary with 
2-6 (usually 3-5) locules with 2 superimposed ovules in 
each locule; style rather slender, narrowed at the base and 
articulated with the ovary, deciduous; radial walls of the 
locules usually (always?) curved as if twisted during de- 
velopment by a rotation of the outer wall of the ovary 
with reference to the axis; seeds with thin, folded cotyle- 
dons; fruits subglobose or ovoid, dry berries with a gland- 
dotted peel. 

Oliver (1861, p. 19) gave the following excellent 
sketch of the morphology of the genus Micromelum: “. . . 
The essential characters of the genus [Micromelum] rest 
especially in the broad, foliaceous, and remarkably con- 
tortuplicate cotyledons; perhaps, also, in the singular tor- 
sion of the dissepiments of the ovary, which in M. pube- 
scens, is usually apparent immediately after the fall of 
the Horal whorls. . . . The fruit is but 1- (or 2-) seeded, 
and the twisted dissepiments with the empty loculaments 
are soon closely pressed to one side by the young seed. 
The style is minutely constricted or articulated at the base 
to the ovary. In M. pubescens the ovary is very usually 5- 
locular; in Ceylon and Java specimens I have found! an 
exceptional 6th cell; in the Australian plant from Port Es- 
sington, etc., it varies, 4, 5 or 3. M. molle Turcz., I have 
found to be 4-locular, but probably it also varies. The pe- 
culiar features which I have remarked of the ovary and 
seed are associated with other common characters. .. . 
These are especially the truly valvate or obliquely valvate 
aestivation of the corolla, and the terminal cymose 
corymbs of numerous flowers—as in Murraya seldom or 
never having the central axis of inflorescence elongated as 
it is in the paniculate Clausenae .. .” 


The genus Micromelum ranges from the 
Samoan, Fiji, and Tonga islands to Australia and 
New Guinea, through the East Indian Archi- 
pelago to the Philippines, Indo-China, southern 
China, Ceylon, northeastern India, and West 
Pakistan. One species, M. minutum, ranges far- 
ther eastward into Polynesia than any other 
species of the orange subfamily and also occurs 
in New Caledonia, Australia, the Philippines, and 
Indo-China. The other species have a more 
restricted range, and one, M. ceylanicum, is re- 
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stricted to the island of Ceylon and another, M. 
diversifolium, is found only on Halmahera Island 
and its near-by companion, Batjan Island, in the 
Moluccas. 


THE SPECIES PROBLEM IN MICROMELUM 


The number of species of Micromelum is 
not large—nine are here recognized—but they 
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can be described or keyed out only with diff- 
culty because apparently all the species are 
greatly variable, usually not merely in one, or 
in a few, but in many characters. A cursory 
glance at the literature of the genus shows that 
taxonomists are by no means agreed on the num- 
ber of species, on the characters that define 
species, or on the areas they occupy. 





Fig. 3-1. Micromelum. Cross-section of ovary of M. ceylanicum and longitudinal sections of pistils of seven other 
species. All taken from herbarium specimens. All « 7.5. A, M. ceylanicum, Roy. Bot. Gard., Peradeniya, Ceylon, Herb. 
Arnold Arbor.; B, M. minutum, Park, 16287, Tonga, Herb. U.S. Natl. Mus.; C, M. falcatum, Gaudichaud, 284, South 
Vietnam (Cochin China), Herb. Bur. Sci., Manila, Philippine Islands; D, M. pubescens, Palu Feringi, Malaya, Herb. 
Bur. Sci., Manila, P.I.; E, M. integerrimum, Rock, 2379, Muang Pan, Yunnan, China; F, M. scandens, Kajewski, 1954, 
Bougainville Island, Herb. Arnold Arbor.; G, M. compressum, Calacosa, 22958, Herb. Bur. Sci., Manila, P.I.; H, M. hir- 
sutum, Rock, 1906, Thailand (Siam), Herb. Arnold Arbor. 


oiatzesy GOOgle ee 
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Fortunately, new characters are being 
found that promise to make possible the satis- 
factory definition and the easy recognition of the 
species when adequate material is available. One 
of the most striking of these new characters is 
the presence of large or small oil glands that are 
found, usually one above each locule, at the tip 
of the ovary. Very large oil glands expand greatly 
the ovary tip of M. falcatum; large oil glands 
occur in M. compressum but do not noticeably 
expand the ovary tip; whereas only very small 
oil glands are found similarly placed in M. 
pubescens. 

These new characters, and others already 
used by taxonomists, may be seen in figure 3-1, 
which shows microphotographs of longitudinal or 
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cross sections of ovaries of eight of the nine 
species of Micromelum. A key to the species of 
Micromelum is presented below. 


1. Micromelum pubescens Blume, Bijdr. FI. 
Neder]. Indie 3:138. 1825. Illus. Engler, Die Nat. 
Pflanzenfam. 3(4):186, fig. 107, A-K. 1896; fig. 
3-1,D this work. 


Type.—Java (Blume). Rijks Herb., Leiden. 

Distribution—Java, Sumatra, Andaman Islands, 
southern Burma, Malaya, Palawan Island, P.I. 

A brief description by Koorders (1912, vol. 2, p. 
424), based on cauterial froh Java, the type locality, aads 
translated, as follows: “Tree, up to 6 m high, or erect 
shrub. Leaflets 7-11, alternate, soft-pubescent below, obli- 
quely ovoid to broadly lanceolate, 3-17 x 2-7 cm. Fruit 
6-8 mm long, orange-yellow.” Ridley (1922, vol. 1, p. 
352) describes this species as follows: “Large shrub or 


KEY TO THE SPECIES OF MICROMELUM 
A Ovary much broadened at the tip with 1 large oil gland over each locule; entire ovary covered with numerous long, 
straight, golden hairs; leaflets narrow, lanceolate, unequal at the base and long-acuminate at the tip, small, 6-10 x 
2-3 (or rarely 4) cm, margins shallowly crenate-dentate. (Southern China, Hainan Island, Indo-China, Burma.) 


AA Ovaries not markedly broadened at the tip; leaves not narrow and long-acuminate 


4) M. falcatum 


SSS Bee SO SSSR SeSSSESSTSESC HOH SCSES EE SEOSEESEESEOEESSEESES 


B Leaves 3- or 1-foliolate; all floral organs exceedingly villose; fruits completely tomentose. (Moluccas: Halma- 
hera and Batjan islands.) jsecscecccicagascconsasscxnvestaasdestontessceasdece tree espouses viages tee eeeeatin a ec tenia taeeee 9) M. diversifolium 


BB Leaves with more than 3 leaflets ..........................20.-- 


POOH S Meee ee SHEE MEOH HES EHS SHEER SOOO HESEOSSESSSESSSESSSESESESEOOSES ES OOOH SDAOESHHEOEREDSOSSEOESSOSOE 


C Flowers very large, petals 6-7 mm long; pistils 5-7 mm long, style including stigma 4~4.5 mm long; leaflets 
7-15, ovate, 8-12 x 2.5-5 cm; fruit arising from the persistent calyx on a short torus. (Northeastern India, 


Burma, Nicobar and Andaman islands.)............. 


Sse ict te ania nach tec cn clans oe cee east aa 6) M. integerrimum 


CC Flowers small or medium-sized; pistils not over 5 mm long; no noticeable torus between the persistent calyx 


and the base of the fruit................00......0--eeeeeeeeeee 


POOP SSS SES SSS EE MES EHH SHH SEH ESE SCEEE EEO OSES SESE SSSOESSSEEDEHHSOSSEHEAPSSHHHSHESSESSCESESOSCSASEHECES 


D Low shrubs, 0.5-2 m high; leaflets 10-25, lanceolate, small, 4-8 x 2-4 cm, tomentose. (Burma, Thai- 


land, Indo-China, Malay Peninsula.).......... 
DD Small trees or shrubs more than 3 m tall... 


Scale eae inchoate este alec a saacs au seve scenes sabe sete 7) M. hireutum 


CSO ROS aR EERE SHEE ESOEEESE TOOTS EEO HSESEES SOS SSESSESSESS SOS SESSESSSOSESSSETTEE ES SOSHOHESSHOESEBOOEES 


E Flowers very small; pistils 2-3 mm long; leaflets 10-12, obliquely ovate or broad-ellipsoid, acute 
or bluntly acuminate at the tip, 5-8 (or 11) x 3-5 cm. (Western Polynesia, Melanesia, New Cal- 
edonia, northern Australia, New Guinea to the Philippines, Borneo, Indo-China.) 8) M. minutum | 


EE Flowers medium-sized; 


margins sha 


thick. (Ceylon.) ............::cs:ssssseeeee 
FF Calyx not deeply lobed; style not longer than the petals 


istils: lomper Chiara BPMs csc c0 ds ds oon ous coast dat seaave wetesteas ocnses ch sedeneccubs F 
F Calyx deeply lobed; leaflets 9-15, oblique at the base, ovate-lanceolate, attenuate at the Sp. 
Howly crenate, 3.5-8.5x 2.2-3.2 cm; ovary very hairy, style longer than the pe 

saiseauatiscat at iciveilecideirsene a taslegeueauaduvedgoctaed teats talanstes 5) M. ceylanicum 
G 


Cee SSeS SSS TOES SESEESSSSOEHS SEEDS TESCHHOUHEHSSSHOSETEHOCESESSESD 


G Flower buds cylindric, caida tees rounded at the tip, often densely covered with fine sil- 


GG 


very pubescence but often glabrescent; leaflets medium-sized, rarely larger than 12 x 4 
cm; lateral leaflets only moderately, unequal-sided (at % distance from leaf base to tip 
the upper side is 1.3-2 times as wide as the lower half, seldom more than 1.5 times as 
wide); Pistil 3.5-5 mm; ovary 2 mm ne with 1 or 2 very small oil glands over each 
locule, densely covered with straight golden hairs; style glabrous or ae ly hairy. 
(Java, Sumatra, southern Burma, Malay Peninsula, Borneo, Palawan Island, PIS 
1) M. pubescens 
Flower buds ovoid, often covered with dense, fine golden-yellow pubescence; leaflets 
large, often 15-20 x 6-7 cm (sometimes 20 X 8 cm or even larger).............::-::ssssssseeseees H 
H Leaflets large, often more than 12 cm long, lateral leaflets very unequal-sided (at % 
distance from base of blade to tip the upper side is 1.5-2.5 times as wide as the 
lower side and usually more than twice as wide); lateral veins 6-8 pairs; pistil 3.5- 
4.5 mm long; ovary 2 mm long with 1 large oil gland over each locule (but not ex- 
panded at apex), often glabrous, as is style. (Philippines only.)......2) M. compressum 
Leaflets sometimes very large, up to 20 cm or more long, lateral leaflets moderately 
unequal-sided (at 4 length of igs upper side about 1.8 times as wide as lower 
side), veins 8-10 pairs, arising at an angle of 50°-75° with the midrib; pistil 4-6 
mm; ovary cylindric, with only a few scattered gray hairs. (Bismarck Archipelago 
And Soloman LSS ioc sk se ne oe are sense es sie Neg a ease csaayepeesbeoasepeedeeus 3) M. scandens 


HH 
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treelet. Branchlets and leaf-rachis puberulous but even- 
tually glabrescent. Leaves 6 to 18 in. long; leaflets 9 to 
15, alternate, lanceolate or ovate-acuminate, edges undu- 
late, base slightly narrowed oblique; nerves 9 to 12 pairs, 
1.5 to 3.5 in. [3.8-8.8 cm] long, 0.5 to 2 in. [1.3-5 cm] 
wide; petioles up to 3 in. [7.6 cm] long. Cymes 6 to 8 in. 
[15-20 cm] across, peduncled, many-flowered [pubes- 
cent}. Flowers 0.25 to 0.5 in. [6-13 mm] long, greenish- 
white. Calyx 5-toothed. Ovary pubescent. Berry ovoid to 
has glabrescent, orange, 0.3 to 0.4 in. [7.5-10 mm] 
ong. 

The chief diagnostic characters of this 
species are given in the key. The pistil (fig. 3-1,D) 
is of medium size with a rather long style in 
proportion to the ovary. The oil glands at the 
tip of the ovary, one over each locule, are un- 
usually small and sometimes difficult to detect. 
Tanaka (1931b, pp. 2, 3) contrasted this species 
with M. minutum, as follows: M. pubescens has 
(1) much larger floral organs than M. minutum; 
(2) stouter peduncles; (3) thicker leaflets; (4) 
ovary long stalked; (5) flower buds much broader 
and silvery pubescent, instead of golden-yellow 
pubescent as in M. minutum. From M. compres- 
sum of the Philippine Islands, Tanaka reported 
that it differs in four characters (see next species 


below). 


2. Micromelum compressum (Blanco) 
Merr. Sp. Blancoanae 200. 1918. Bergera com- 
pressa Blanco, FI. Filip. 361. 1837; Micromelum 
tephrocarpum Turcz. Bul. Soc. Nat. Mosc. 31:379. 
1858. Illus. fig. 3-1,G. 


Type.—Philippines, Luzon Island (Blanco). Orig- 
inal type lost. Substitute type: (Merrill, Species Blanco- 
anae, No. 884). 


Distribution.—Philippines: Luzon to Mindanao 
(and Palawan?) islands. 


The best description yet published of this species 
is apparently Turczaninow’s original diagnosis of his M. 
tephrocarpum, which, translated, reads as follows: “Un- 
armed, very glabrous; leaves odd-pinnate, leaflets alter- 
nate, lanceolate, obtusely acuminate [at the tip], atten- 
uate, inequilateral at the base, entire or slightly serrulate, 
pellucid-punctate; panicles terminal, much shorter than 
the leaves; fruits ovoid-oblong, acute, becoming cinereous- 
blue, with fewer than 3 seeds; calyx truncate, somewhat 
recurved, half as long as the petals; alternate filaments 
shorter, anthers adnate, subglobose; ovary seated upon a 
very short disk, style rather thick and terminated with a 
capitate stigma; fruit (‘berry’) with the locule walls con- 
torted and twisted (‘contortuplicate’), 5-loculed, with only 
3 seeds in the immature fruit [which is} obovate-oblong, 
and flattened. From M. glabrescens Benth. it seems to dif- 
fer chiefly in having fruits with attenuate tips.” 

A flowering specimen collected by M. Ramos at 
Bohol, Luzon, P.I. (Bur. Sci., No. 42570), in the her- 
barium of the Arnold Arboretum, shows very small pistils 
only 2-3 mm long, with the ovary 1-1.2 mm long, and 
the style about equaling the ovary in length, faintly fur- 
rowed longitudinally, and abruptly contracted at the base 


Google 
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where it joins the ovary, about 0.4 mm diam., stigma 
hemispherical, 0.8 mm diam. 


Tanaka, who has given much attention to 
distinguishing the species of Micromelum and 
has examined carefully the extant type specimens, 
has noted certain contrasts he observed between 
the species. He stated (1931b, pp. 2, 3) that M. 
pubescens, common in Java, Sumatra, and north 
to southern Burma, differs from M. compressum: 
(1) in having more slender flower buds covered 
with very short silvery pubescence; (2) in its 
hairy ovary; (3) in its glabrous pedicels; (4) in 
its smaller, narrower leaflets with many more 
lateral veins. 


2a. Micromelum compressum var. inodo- 
rum (Blume) Tan. Trans. Nat. Hist. Soc. For- 
mosa 22:418. 1932. Bergera inodora Blanco, FI. 
Filip. 360. 1837; Micromelum molle Turcz. Bul. 
Soc. Nat. Mosc. 31:380. 1858. 

Type.—Philippines (Cuming, No. 1056). Not lo- 
cated. Substitute type: (Merrill, Species Blancoanae, No. 
719). Herb. Bur. Sci., Manila. 

Distribution— Philippines; doubtfully reported 
from Celebes by Tanaka (1932e, p. 419). 

Turczaninow’s original diagnosis of M. molle (an 
undoubted synonym of Blanco’s Bergera inodora) reads, 
translated, as follows: “Unarmed; twigs, petioles, pedun- 
cles, panicles, cae and petals [covered with] short, 
soft pubescence; leaves odd-pinnate, 7-13-foliolate; leaf- 
lets alternate, ovate-lanceolate, acuminate [at the tip], at- 
tenuate, inequilateral at the base, densely and _ softly 
pubescent on both sides on the midrib and veins, ee 
ingly pubescent between the veins; panicles composed of 
both axillary and terminal [portions] shorter than the 
leaves; calyx truncate, slightly 5-toothed, much shorter 
than the petals; fruits acute, 1-3 seeded, blackish-blue, 
glabrous. From M. pubescens Bl., of which a specimen 
was sent by Blume himself to the [Museum] Schultesium, 
it differs in being more pubescent, in having larger and 
softer [pubescent], acutely acuminate leaflets, and in hav- 
ing fruits acute, not very obtuse.” 

Tanaka stated (1932e, p. 418): “All botanical 
characters agree with the type species except the pubes- 
cence of the leaf and the shoot.” He also noted the short, 
thick flower buds in contrast with the small, slender flower 
buds of M. pubescens and M. minutum. 

3. Micromelum scandens Rechinger, Denk- 
schr. Akad. Wiss. Math.-Naturw., Wien 89:564. 
1914. Micromelum minutum var. intermedium 
Tan. Med. Rijks Herb. Leiden 69:2. 1931. Illus. 
Tillson & Bamford, Amer. Jour. Bot. 25:782, figs. 
1-1]. 1938; fig. 3-1,F this work. 

Type.—Bismarck Archipelago, New Britain Island, 
Gazelle Peninsula, Baining Mountains (Rechinger, No. 
3675). Herb. Naturhist. Mus., Vienna. 

Distribution.—Bismarck Archipelago and Mela- 
nesia. 

The original description reads, translated, as fol- 
lows: “A climbing [or clambering] shrub; leaves pinnate, 
leaflets large, 15-20 x 6-7 cm, with entire margins, 
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brownish-black when dried; fruits dry berries, disposed 
30-40 in cymes, with spirally twisted follicle walls, 8-12 
mm long, glabrous, with many small pits, black when 
ripe, with a short fragment of the style at the tip, and the 
flat cupulate calyx, with an almost entire margin, persist- 
ent at the base.” 

The type specimen of M. scandens shows one leaf 
22 x 8 cm, larger than any yet measured of M. compres- 
sum, with 10 pairs of lateral veins; the leaflets of M. scan- 
dens are acuminate at the tip and have 4-4 more lateral 
veins than those of M. compressum, and they arise at a 
somewhat smaller angle with the midrib. The persistent 
calyx is shallow, cupulate with indistinct icbes The 
pedicels of the fruits are 7-11 mm long, with 2 small 
bracts near the base. 

A specimen in fruit collected on Bougainville 
Island on May 25, 1930, by Kajewski (No. 1785) has a 
terminal fruit cluster with very stout lower branches 2.5- 
3.5 mm in diameter. The notes state that the fruits are 
“dark red when ripe, oblong coming to a blunt point, length 
1.4 cm, diameter 8 mm.” Very young fruits are 3.5-4 x 
1.2-1.5 mm, cylindrical, rounded at both ends and show a 
few scattered, slender, white hairs. The nearly ripe fruits 
are glabrous, rough with oil glands, and show at the tip a 
very short truncate style base 0.7-0.8 mm in diameter. 

One of the specimens collected by Kajewski in 

1930 (No. 1654, from the Pupei Gold Fields, Bougainville 
Island) was from a tree growing up to 18 m high. The 
specimen has very large, lax, more or less leafy inflores- 
cences with long nodes below, much like those shown by 
the type specimen of the species. The flower buds are oval 
or broadly and shortly elliptical, 5-6 x 2-3 mm, decidedly 
larger than those of good material of M. minutum from 
Tonga, the type locality, and from F ih, New Caledonia, 
and Australia. This specimen (Kajewski’s No. 1654) had 
a flower just ready to open; its pee is 4.2 mm long when 
dry, ovary almost glabrous. The calyx is large and ex- 
panded until it is shaped like a shallow saucer, nearly 
pentagonal in outline. 


Swingle considered M. minutum var. in- 
termedium Tan. from New Ireland, Bismarck 
Archipelago (to judge from a als Sha ok of the 

es specimen sent him by Tanaka), to be a 
fairly typical form of M. scandens, which was 
based on a specimen collected by Rechinger in 
the adjoining island of New Britain, the eastern- 
most point of which is distant only some 35 kilo- 
meters from the west shore of New Ireland. 
Bougainville Island lies only some 200 kilometers 
southeast of the southern end of New Ireland. 
Tanaka had not seen the excellent material of 
Micromelum from the Solomon Islands in the 
Amold Arboretum herbarium when he allocated 
just such a form to M. minutum as a variety. 
Tanaka, who examined the type specimen of 
M. scandens at Vienna, stated (1931), p. 3) that 
it is very different from M. minutum and most 
like M. compressum. This species appears to be 
a good one, but needs further study. 


4, Micromelum falcatum (Lour.) Tan. Bul. 
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Mus. Hist. Nat. Paris, 2 sér. 2:157. 1930. Aulacia 
falcata Lour. Fl. Cochinch. 1:273. 1790; Cookia 
falcata DC. 1824; Micromelum octandrum Turcz. 
1863. Illus. fig. 3-1,C. 

Type.—French Indo-China, Annam (?) (Lou- 
reiro). Herb. Brit. Mus. 

Distribution—North Vietnam, South Vietnam, 
Cambodia, Laos, Burma, Andaman Islands, Thailand, 
southern China. 

Guillaumin (1911, p. 649) described this species 
(under the name M. pubescens Bl.) as follows: “Shrubs or 
small tree, twigs woolly-pubescent, then glabrescent. 
Leaves yellowish-green in color, 15-31 cm long, odd-pin- 
nate; leaflets 7-9, lanceolate, inequilateral at base, long- 
acuminate-pointed, aoe slightly crenulate, glabrous, 
except for the midrib above and the larger veins below 
(which are pubescent], latetal veins 6-8 on each side, 
prominent below, veinlets not visible; petiolules and peti- 
oles cylindric, pubescent, 4-10 mm long. Inflorescences 
ubescent, shorter than the leaves; pedicels woolly, 5 mm 
ioe. having two small opposite hairy bracts toward the 
base; flowers 5 mm long, greenish-white; calyx woolly 
with 5 very short teeth; petals 5, long-elliptic, glabrous or 
eee eels 5 mim long; stamens 10, free, glabrous, the 
argest as long as the petals; filaments subulate; disk 
short, glabrous, grooved; ovary ovoid, velvety-hairy; style 
caducous, elongated, glabrous; stigma va age locules 5, 
with 2 ovules in each; fruit ellipsoid, fleshy, with numer- 
ous oil glands, glabrous; segments often 2-3, each with 
a single seed. Flowers Dec.-Jan. Very common.” 

This species differs from all others in the 
genus in having very narrow, often falcate, long- 
acuminate leaflets, very unequal-sided at the 
base, usually 4 to 11 by 1.5 to 3 cm, including 
petiolule 3 to 5 mm long. It also is the only 
Micromelum having the top of the ovary much 
broadened by large oil glands, found one over 
each Idcule. This plant was the first species of 
the genus to be described (as Aulacia falcata in 
1790), and Loureiro’s genus Aulacia antedates 
Blume’s Micromelum by thirty-five years. How- 
ever, the genus Aulacia was not understood by 
botanists in spite of the fact that a specimen 
of it, one of the few remaining types of Lou- 
reiro’s species, is preserved in the British Museum 
at London. In 1919, Merrill (in a MS study on 
Loureiro’s types) concluded that Aulacia was a 
synonym of Micromelum, but the Fifth Inter- 
national Botanical Congress, meeting at Cam- 
bridge in 1930, conserved the name Micromelum 
and rejected the older generic name Aulacia 
(Merrill, 1935, p. 221). 

5. Micromelum ceylanicum Wight, Ill. Ind. 
Bot. 1:109. 1840. Illus. fig. 3-1,A. 

Type.—Ceylon (Wight, No. 1836). Herb. Kew. 

Distribution.—Found only in Ceylon. 

Trimen (1893, vol. 1, p. 218) described this 
species (under the name M. beacons) as follows: “A 
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small tree, shoots very finely and densely pubescent; 
leaves imparipinnate, 8-10 in. [20-25 cm long], rachis 
pubescent; leaflets 9-15, alternate or subopposite, shortly 
stalked, 14-3 in [3.8-7.5 cm long], very oblique at base, 
ovate-lanceolate, attenuate, obtuse, irregularly finely cre- 
nate and wavy, with very numerous, rather el oc 
glands, glabrous above, nearly so or slightly pubescent 
beneath; flowers 4-2 in. [6-13 mm diam.], very shortly 
stalked, arranged in terminal and axillary, spreading, pu- 
bescent, dichotomous, carymbose cymes, bracts small, op- 
posite at the bifurcations;; calyx lobes broad, triangular, 
pubescent; petals oblong-linear, spreading, pubescent; 
ovary oblong, very pubescent; style rather longer, very 
thick, stigma capitate; fruits % in. [9 mm] long, oblong- 
ovoid, pointed, rough with glands, glabrous, yellow.” 

This species, as can be seen in figure 3-1,A has 
calyx lobes extending to the middle of the ovary in a 
nearly full-grown flower bud. The other species of Micro- 
melum would not show the sepals in a section made at 
this level. 

In Ceylon this species is said to be rather 
common “in the low country, especially in the 
dry region.” The name of the species in Singha- 
lese is walkarapincha. Murraya koenigii is called 
karapincha in Singhalese and Clausena indica is 
called migon-karapincha. Both plants look so 
much like M. ceylanicum as to be easily con- 
founded with it, according to Trimen (1893, p. 
219). 

6. Micromelum integerrimum (Buch.- 
Ham.) Roem. Syn. Hesper. 1:47. 1846. Bergera in- 
tegerrima Buch.-Ham. ex Coleb. Trans. Linn. Soc. 
London 15:367. 1827; B. integerrima Roxb. ex DC. 
nomen semi-nudem. 1824. Illus. Beddome, FI. 
Sylv. Anal. Gen. xliii-xliv, pl. 7 (flowers only). 
1871; fig. 3-1,E this work. 

Type.—British India, Cult. Hort. Bot., Calcutta 
(Roxburgh). Herb. Brit. Mus. 

Distribution.—Northeastern India: West Bengal, 
Sikkim, Assam; Nepal; Burma; East Pakistan; Andaman 
Islands. 

Kurz (1877, vol. 1, pp. 186, 187) described this 
species, under the name M. pubescens, as follows: “An 
evergreen [shade-loving] tree, 25-30 ft. [7.5-9.14 m] tall, 
with a clean trunk 10-12 ft. [3-3.66 m], measuring 2-3 
ft. [60-90 cm] in girth, all younger parts more or less 
densely puberulous; bark about a line thick, whitish, 
somewhat roughish; cut pale-coloured; leaves unequally 
pinnate, puberulous or glabrous, 1% ft. [46 cm] long, the 
rachis usually more or Jess puberulous; leaflets in 3-7 pairs 
with an odd one, alternating or nearly so, oblong-lanceo- 
late to broadly lanceolate, oblique at base, shortly petio- 
luted, 5-7 in. [12-18 cm] long, acuminate, usually some- 
what waved, entire or nearly so; flowers middling-sized, 
whitish, on short pedicels, forming terminal divaricate or 
crowded pale tawny appressed-pubescent corymb-like 
panicles; calyx more or Jess obsoletely 5-tcethed, pubes- 
cent; petals about 2% lin. 15 mm] long, pubescent gla- 
brescent; berries seated on the short, stalk-like torus, 
ovoid-oblong, also when young, glabrous, gland-dotted, 
yellow, turning dull orange-red, terminated by the style 
scar.” 
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H. H. Haines, the former Conservator of Forests 
of Bihar and Orissa (northeastern India) in his discussion 
of this species (1921, p. 164), under the name M. pubes- 
cens stated: “A small tree . . . leaves 8-18” [20-46 cm] 
long, with 5-11 very large leaflets and large corymbs of 
white flowers 0.5” [13 mm] diam., which are succeeded 
by foetid, ovoid, yellow or scarlet berries 0.5” (13 mm] 
long. . . . Leaflets ovate to lanceolate or elliptical-oblong, 
attaining 8” by 3.5” [20 x 8.8 cm], lowest sometimes 
only 1.5” [4 cm]... . Corymbs pubescent or tomentose, 
often 1 ft. [30.5 cm] across ... very pretty when in 
Hower or fruit.” 

The flowers and especially the pistils of 
this species are decidedly larger than those of all 
the other known species of Micromelum. The 
fruits are attenuate at the base, instead of broadly 
rounded as in M. hirsutum and several other spe- 
cies. A specimen from the South Andaman 
Islands, secured by King’s collector in North 
Corbyu’s Cove, now in the herbarium of the 
Arnold Arboretum (Tanaka’s Ident. No. A-64), 
shows (in the dry state) pistils 7 to 8 mm long; 
ovary 2 mm long; style 3 mm long with many 
fine longitudinal furrows; stigma 1 mm _ high; 
the attenuate base of the ovary (disk?) 1.5 mm 
high. Because of a long series of errors in cita- 
tion, the botanical name of this species has never 
yet been correctly accredited either as Bergera 
integerrima or as Micromelum integerrimum. 
Bergera integerrima was first published in 1827 
by Colebrooke, who accredited it to Buchanan- 
Hamilton. It was transferred to Micromelum as 
a species distinct from M. pubescens by Roemer 
in 1846, a transfer incorrectly accredited to Wight 
and Arnott, who merely excluded it from Bergera 
but did not recognize it as a valid species of 
Micromelum. 


7. Micromelum hirsutum Oliv. Jour. Linn. 
Soc. Bot. 5(2):40. 1861. Illus. Guillaumin, in Le- 
comte, Fl. Gén. Indo-Chine 1:646, fig. 68 (8-10). 
1911; fig. 3-1,H this work. 


Type.—Malay Peninsula, Penang (Wallich, No. 
8516). Herb. Kew. 

Distribution —Burma, Andaman Islands, Thai- 
land, North Vietnam, South Vietnam, Cambodia, Laos. 

Oliver’s original diagnosis of this species reads in 
part, translated, as follows: “Leaflets 15-23, very asym- 
metrical at the base; calyx small, with 5 triangular lobes; 
petals hirsute without; ovary 5-locular; stigma almost as 
long as the style: leaves 10-16 in. [25-41 cm long]; leaf- 
lets: trapezoid-lanceolate or ovate-lanccolate, often not a 
little acuminate, somewhat obtuse at apex, margins 
slightly denticulate, sparsely pilose or glabrescent below, 
pilose or hirsute particularly near the rib and veins above. 
Inflorescences divaricate cvmes, corymbose or subpanic- 
ulate, hirsute. Pedicels very short. Petals narrow or ae 
oblong. Fruit (voung) ovoid-oblong, hispid, shortly and 
narrowly stipitate. Chiefly differing from M. pubescens in 
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the long leaves with very numerous leaflets, small calyx, 
and petals strongly hairy externally.” 

Kurz (1877, vol. 1, p. 187) added many details to 
Oliver's technical diagnosis, as follows: “A low, meagre, 
often simple-stemmed shrub, about 2-3 ft. [60-90 cm] 
high, ay higher, all parts more or less shortly tawny 
hirsute or puberulous (rarely almost oe leaves un- 
paired-pinnate, densely puberulous; leaflets in 5-10 pairs 
with an odd one, lanceolate or oblong-lanceolate, shortly 
but slenderly-petioluled, very oblique at base, acuminate, 
obsoletely repand-serrate, usually 3-5 in. [7.6-12.7 cm] 
Jong; flowers small, whitish, on short hirsute pedicels, 
forming more or less shortly tawny hirsute corymb-like 
panicles at the ends of the branchlets and in the axils of 
the upper leaves; calyx shortly tawny hirsute, deeply 5- 
lobed; petals hardly 2 lin. [4 mm] long; ovary densely 
tawn bisute. berries sessile or nearly so, oblong or ob- 
avon especially while young more or less puberulous, 
gland-dotted, crowned by the style scar.” 

“Hab.—Very frequent in the drier upper-mixed 
forest, and the dry and low forests, all over Burma from 
Ava and Pegu down to Tenasserim.” 


King (1894, p. 219) added other details: “Leaves 
6-12 in. [15-30 cm], rarely 15 in. [38 cm] long; leaflets 
9-25, 1.5-3.5 in. [4-9 cm] long, 0.8-1.5 in. [2-4 cm] 
wide; main nerves 5-10 pairs. Cymes terminal, very tom- 
entose, often lax, 6-8 in. [15-20 cm] in diameter but 
sometimes condensed and only 2 in. [5 cm] in diameter.” 

This species differs chiefly from the other 
species commonly occurring in Burma (M. inte- 
gerrimum, but called M. pubescens by King and 
Kurz) in being a small shrub, never a tree, and 
in being more pubescent, especially the fruit, 
and in having smaller flowers. Kurz noted that 
the fruits of M. hirsutum are puberulous and 
almost sessile, whereas those of M. integerrimum 
(his M. pubescens) are short-stalked, glabrous 
berries. Guillaumin (1911, pp. 649-50) noted 
that in Indo-China this species has “ellipsoid, 
fleshy, reddish, glabrescent or pubescent fruits.” 


8. Micromelum minutum (Forst.) Wt. & 
Arn. Prodr. Fl. Pen. Ind. Or. 1:94. 1834. Limonia 
minuta Forst. f. Prodr. 33. 1786; Micromelum gla- 
brescens Benth. Hook. Jour. Bot. 2:212. 1843; 
M. pubescens var. glabrescens (Benth.) Oliv. 
1861; Glycosmis subvelutina F. Muel. 1858. Illus. 
Banks & Solander, Bot. Capt. Cook’s Voy. 1:14, 
pl. 36. 1900; partly reproduced in fig. 3-2 this 
work; also fig. 3-1,B. 

Type.—Friendly Islands (Forster). Herb. Brit. 
Mus. 

Distribution— Samoa, Tonga, Fiji, New Cale- 
donia, northeastern Australia, Melanesia, Bismarck Archi- 


pelago, New Guinea, and north to the Philippines, Sum- 
bawa, and Borneo; also Annam (fide Tanaka). 

This species was described, under the name M. 
glabrescens, in 1843 by Bentham from material collected 
in the Friendly Islands (the type locality) by Barclay, as 
follows: “Young leaves and inflorescences finely tomen- 
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tose, leaflets 10-12, obliquely ovate-acuminate, minutel 
crenulate, adult leaves glabrous; calyx very short, 3. 
toothed; fruit oblong, very obtuse. This is evidently very 
near M. pubescens Blume; does not quite agree with his 
[Blume’s] very short description. The leaflets are quite 
smooth, except in a very young state. The inflorescence is 
a dichotomous many-flowered terminal cyme. The flowers 
appear very small, but are as yet unexpanded in the speci- 
men before me. The fruit is about 4 lin. [8 mm] long. 
The foliaceous cotyledons are very broad, deeply emar- 
ginate and twisted, with rather a long seg radicle.” An 
examination of material from the type locality (Tonga 
Islands), from Samoa, and from the Solomon Islands 
shows the following characters in the dry state. The 
specimen from the Tonga Islands (coll. by H. E. Parks, 
No. 16281, June-July, 1926, at Eua Island, now in U.S. 
Natl. Herb., No. 1528543) has very short pistils, only 2 
mm long; the ovary is 1.3 mm long, sparingly covered 
with short gray hairs; the style and stigma measure 0.8 
mm, the style is glabrous above, somewhat hairy below. 
The specimen from the Solomon Islands (coll. by Kajew- 
ski, No. 2371, December 15, 1930, now in Herb. Arnold 
Arbor.) shows pistils 3.5 mm long, with the ovary 1.5 mm 
long, style and stigma 1.5 mm long. The ovary is fusiform, 
narrowed at both ends, where it joins the disk below and 
the style above, and has scattered yellowish hairs that 
soon fall off. The style is sparingly hairy, not evidently 
furrowed longitudinally, sharply constricted at the base 
and expanded into the flattened, discoid stigma, about 0.6 
mm wide and 0.3 mm tall. The specimens from Tutuila, 
Samoa (coll. by W. A. Setchell, No. 257, now in Herb. 
Arnold Arbor.), show pistils 3 mm long; ovary 1.25 mm 
long, covered with rather sparse, short, gray or yellowish 
hairs; style and stigma 1.2 mm long; style with similar 
hairs at the base concealing the constriction at the base, 
if present; stigma subglobose, 0.7 mm. diam. 


This species has the smallest flowers and, 
in particular, the shortest pistils of any species 
of the genus. It ranges farther east in Polynesia 
than any other species belonging to the orange 
subfamily. It alone reaches the Tonga and 
Samoan Islands. It also ranges far to the north, 
from northeastern Australia ough New Guinea, 
Celebes, the Philippines, and reaches North Bor- 
neo and Sumbawa, but not Java and Sumatra 
according to Tanaka (1931b, p. 2), who stated, 
moreover, that Annam (Vietnam) is its western- 
most limit. 


As is to be expected from its very wide 
distribution, this species varies considerably even 
in such important organs as the pistil. Only two 
varieties have been published as yet, but others 
could probably be made with equal justification. 


8a. Micromelum minutum var. tomento- 
sum Tan. Trans. Nat. Hist. Soc. Formosa 22:419. 
1932. 

Type—Timor (Forbes, No. 3753). Herb. Brit. 
Mus. 


Distribution.—Timor; Philippines: Mindoro and 
Luzon islands. 
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Tanaka’s original description of this variety, 
translated, reads as follows: “Similar to Micromelum mi- 
nutum in the appearance and size of its flowers and fruits 
but all parts completely covered with soft, golden yellow 
tomentum.”’ 

8b. Micromelum minutum var. curranii 
(Elm.) Tan. Trans. Nat. Hist. Soc. Formosa 
22:419. 1932. Micromelum curranii Elmer, Leafl. 
Phil. Bot. 2:480. 1908; M. caudatum Merr. Phil. 
Jour. Sci. 27:26. 1925. 

Type.—Philippines, Luzon Island, Baguio (Elmer, 
No. 8530). Herb. Bur. Sci., Manila. 

Distribution Philippines: Bontoc, Benguet, and 
Union provinces of Luzon Island, at 1,200-1,450 m alti- 
tude (fide Merrill, 1923, vol. 2, p. 335). 

Elmer's original description of his M. curranii 
(now reduced to a variety of M. minutum) reads as fol- 


lows: “Shrub, with rather numerous branchlets; wood. 


hard, covered with grayish-white mottled bark. Leaves 
crowded on the young twigs, numerous, alternate, as- 
cending, the peduncle petiole! short yellowish pubescent 
when young but soon becoming glabrous; leaflets alternat- 
ingly scattered along the rachis, glabrous when mature, 
unequal in size, ovate to broadly lanceolate, submembra- 
nous, entire or obscurely aplculate, apex gradually acu- 
minate, base obliquely rounded to subacute, drying 
brown, paler beneath, the larger blades 7 cm long by 2 
cm wide; petioles [petiolules] 3 to 5 cm long, when young 
short yellowish pubescent but becoming glabrous; nerves 
3 to 5 pairs, ascending, more prominent beneath, reticula- 
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tions not visible. Corymbose panicle terminal, 6 cm wide 
across the top, about as long; peduncles and_ pedicels 
strict, suberect, pubescent when in flower, becoming gla- 
brous when in fruit, the latter about 3 to 5 mm long; 
calyx truncate or obscurely 5-apiculate, rim-like or saucer- 
shaped, pubescent when young, persistent and glabrous 
in fruiting state; petals 5, ligulate, rather thick, glabrous 
or sparsely pubescent on the outer side, 4 mm long, at 
least 1 mm wide, apex acute, deciduous; stamens in one 
series, about 9, inserted upon a prominent disk at the base 
of the ovary, easily detached; filaments subglabrous, 
fleshy and more or less flattened, pointed at the apex, sub- 
equal in length, the longer ones 4 mm in length; anthers 
basifixed, broadly cordate or subelliptic, nearly as wide; 
style thick, 1 mm long, bearing a terminal subcapitate 
stigma, easily detached from the ovary; ovary glabrous, 
oblong in outline or clavate, blunt at apex, base narrowed, 
immature fruits 1 cm long, thicker above the middle, 
prominently punctate [of] lemon color, its [seeds have the] 
cotyledons folded, dark green. . . . It is a form intermediate 
between M. tephrocarpum Turcz. [M. compressum] and 
M. pubescens Blm., but can be distinguished from either 
by its numerous, much smaller and glabrous mature 
leaves.” 

9. Micromelum diversifolium Mig. Ann. 
Mus. Bot. Lugd.-Bat. 1:211. 1863. 

Type.—East Indian Archipelago, Moluccas, Hal- 
mahera Island (Teijsmann). Rijks Herb., Leiden. 

Distribution—Known only from the type local- 
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Fig. 3-2. Micromelum minutum. Flowering branch 4 natural size. (After Banks and Solander. ) 
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Miquel’s original diagnosis reads, translated, as 
follows: “Twigs, petioles, and underside of the leaves, as 
well as the inflorescence and the flowers, somewhat scurfy, 
slightly tomentose-pubescent; leaves either with one pair 
of loafers and an odd one, thus trifoliolate, or aaitolinlate 
leaflets, elliptic or oblong-elliptic, obovate, acute or some- 
what obtuse [at the tip], rounded or slightly emarginate 
at the base, 7-8 spreading veins on both sides [of the mid- 
rib]; flowers in short-terminal corymbs. Leaflets 2-4.5 in. 
[5-11.5 cm long]; calyx with 5 short teeth; petals 5, 
valvate, pubescent without; stamens 10, the alternate ones 
shorter, anthers ovate-cordate; style distinct, stigma con- 
vex; berry ellipsoid, somewhat stipitate-constricted at the 
base with 5 locules, with spirally twisted [radial] walls.” 

Tanaka (1931b, p. 1), after having exam- 
ined type specimens of this species in Holland, 
both in the Rijks Herbarium at Leiden and in 
the herbarium at the University of Utrecht, 
stated: “This extremely interesting species is 
not known outside of the Moluccas. The most 
remarkable features are the extreme reduction 
of the number of the leaflets, the exceedingly 
villose floral organs and the completely tomen- 
tose berry.” 

The origin of a species of Micromelum 
found almost in the middle of the area of dis- 
tribution of the genus, differing radically from 
all the others in the great reduction of the num- 
ber of leaflets, is of much interest. The unifolio- 
late form of the species (and of the variety men- 
tioned below) has reached the extreme reduction 
of the originally pinnate leaves to a single leaflet 
that has occurred in species belonging to both 
the tribes of the orange subfamily. Both tribes, 
however, still have species with odd-pinnate 
leaves. 

9a. Micromelum diversifolium var. cuneata 
Miq. Ann. Mus. Bot. Lugd.-Bat. 1:211. 1863. 

Type.—tThe East Indies, Moluccas, Batjan Island 
(Teijsmann). Herb. Univ. Utrecht. 

Distribution.—Moluccas: Batjan, Obi, and Hal- 
mahera islands. 

Miquel’s original diagnosis reads, translated, as 
follows: “With larger glabrous leaflets [than those of the 
species], the terminal one acute or cuneate at the base; 
the lateral leaflets somewhat acute at the base with 8-10 
ribs on both sides.” 
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Tanaka (1931b, p. 1), after examining the 
type specimen in Holland, wrote as follows: The 
“variety cuneata has a deep cupulate calyx and 
the reduction of fuzziness is rather noticeable; 
it has occasional unifoliolate leaves. Additional 
material from Obi and Halmaheira [Halmahera] 
shows its fairly uniform nature.” 


Subtribe 2. Clauseninae: Remote 
Citroid Fruit Trees 


The subtribe Clauseninae contains threc 
genera, Glycosmis, Clausena, and Murraya, hav- 
ing very simple, more or less primitive flower and 
fruit structures. The flowers of Glycosmis, Clau- 
sena, and Murraya are usually borne in dense, 
often large, panicled clusters at the tips of the 
branches. None of the genera of this subtribe 
have spines. The leaflets are alternate on the 
rachis, which is not articulated and does not 
break up into segments when the leaves fall. The 
flowers are 3- to 5-merous except that the stamens 
(always free) are twice as many as the petals. 
The ovaries have two to five locules and each 
locule contains one to two ovules. The fruits are 
small berries, either soft and juicy with few seeds 
immersed in mucilaginous pulp, or semidry with 
a clearly distinguished, gland-dotted peel. The 
seeds are glabrous. 

The three genera, Glycosmis, Clausena, 
and Murraya, included in the subtribe range 
from India, Burma, and Indo-China to Borneo, 
the Philippines, New Guinea, and Australia. 
Clausena also has a wide distribution in tropi- 
cal and subtropical Africa and in the bush for- 
ests, at high altitudes, in the mountains of eastern 
and central Africa. Three species and two varie- 
ties of Clausena are known from Africa. Plotted 
on a globe, the distribution of the Remote Citroid , 
Fruit Trees is very similar to that of the Near- 
Citrus Fruit Trees. 

Glycosmis and Clausena show very simple 
flower and fruit structures much like those found 
in some genera of other subfamilies of the family 


KEY TO THE GENERA OF THE SUBTRIBE CLAUSENINAE 
A Style persistent, thick, shorter than the ovary, which has 2-5 locules with only 1 pendent ovule in each locule; 


new growth always covered with dense fine-woolly, usually brownish pubescence ..... ....... (1) Glycosmis II (p. 206) 
AA Style deciduous, shorter than the ovary or rarely as long as the ovary, which has 2-5 locules with 2 ovules (rarely 
1) in each locule; new growth usually not covered with dense fine-woolly pubescence ...............:esceccscceseseeeeeeeeeeeees B 


B Flower buds globose or broad-ovoid, never long and slender; ovary usually borne on a glabrous, hourglass- 
shaped gynophore; style short and thick; stigma flattened, scarcely broader than the style. 


(2) Clausena III (p. 206) 


BB Flower buds power or long-ovoid, never subglobose; stvle long and slender, usually much longer than the 


ovary; stigma 
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roader than the style, usually capitate -......0..0.. cece ce ence eteeeeee cen eeneeeee (3) Murraya IV (p. 231) 
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Rutaceae (such as Amyris in the subfamily Tod- 
dalioideae). Close analogies to the flower and 
fruit structures shown by Glycosmis, Clausena, 
and also Murraya can be found outside of the 
Rutaceae in the Simarubaceae and Meliaceae, 
two plant families that stand very close to the 
Rutaceae in the natural taxonomic system. The 
absence of oil glands in the leaves and fruits is 
almost the only character that separates some 
of the plants now classed in the Meliaceae from 
plants in the Rutaceae. 

The three genera of Remote Citroid Fruit 
Trees are clearly though distantly related to 
Citrus. Citrus has been grafted successfully on 
Clausena and Murraya and vice versa. Such 
grafts are often short-lived, but sometimes live 
many years. Grafts between Citrus and Glycosmis 
have not as yet been successful, but so far only 
a single species of Glycosmis has been tested, out 
of the large number known to exist. H. J. Toxo- 
peus (1936, p. 6) made hybrids between Citrus 
and Murraya, but they were weak and remained 
stunted. 


Il. Glycosmis Corréa 


II. Glycosmis Corréa, Ann. Mus. Hist. Nat. 
Paris 6:384. 1805. Sclerostylis Blume, Bijdr. FI. 
Nederl. Indie 1:133. 1825. Chionotria Jack, Malay. 
Misc. 2(7):53. 1822; Dioxippe Roem. Syn. Hesper. 
1:33, 45. 1846; Myxospermum Roem. Syn. Hesper. 
1:31, 40. 1846. 

Type species.—Limonia ae A Retz. (Obs. 
Bot. 5:24 [1789]) = Glycosmis pentaphylla (Retz.) Corr. 

Distribution —Southeastem Asia, East Indian Ar- 
chipelago, Philippines, New Guinea, northeastern Austra- 
lia. 

Unarmed small trees or shrubs; new growth cov- 
ered with dense, usually ferruginous pubescence; leaves 
1-foliolate, 3-foliolate, or odd-pinnate; leaflets with short 
petiolules, alternate, long-lanceolate, more or less coriace- 
ous; inflorescences compound, often densely racemose; 
flowers small, 5-merous; sepals united to the middle, with 
broad imbricate lobes; petals 5, white, long-elliptical or 
oval, imbricate; stamens 10, filaments subulate, broadened 
below, anthers small, often with oil glands on the 
back and a disk annular or cylindric; ovary 2-5-locular, 
with 1 ovule in each locule; style very short and_ thick, 
persistent, stigma simple or disk shaped; fruit a juicy berry 
or dry; seeds oval, thick, with a membranaceous testa; em- 
bryo with Heshy plano-convex cotyledons and a very short 
plumule. 

This genus includes a large number of very 
closely related thornless shrubs or small trees 
ranging from southeastern Asia and the East 
Indies to northern Australia. It will) probably 
require careful study of living plants in the 
garden and in the laboratory to tell whether or 
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not the very numerous forms that have been re- 
ferred to this genus constitute good species or 
are merely varieties. Some species are constant, 
others variable. Five species have uniformly uni- 
foliolate leaves; two have regularly trifoliolate 
leaves; and several have leaves with five leaflets; 
two or three species occasionally have as many as 
13 to 15 leaflets. Most of the species have very 
small flowers, but one (G. macrantha Merr.), 
native to Borneo, is said by Ridley to have very 
large flowers. Perhaps the most distinctive fea- 
ture of Glycosmis is the fact that the young twigs 
and leaves are densely covered with closely-set, 
rusty-red pubescence, which does not seem to 
occur on any other genus of Citrus relatives. The 
cotyledons of the seeds are thick and fleshy like 
those of Murraya, Clausena, and most of the other 
Citrus relatives, and differ widely from those of 
Micromelum, which are thin and folded. 

Glycosmis citrifolia is sometimes grown in 
greenhouses in this country, or even out of doors 
in the southern states. The fruits are curious 
small berries having translucent, slightly pinkish 
pulp, surrounding greenish-brown rounded seeds, 
almost hemispherical when there are two seeds, 
but nearly spherical if there is only one. 

It is probable that, in addition to G. citri- 
folia, other species are to be found in culture in 
European and American greenhouses and gar- 
dens. Penzig (1887, pp. 194-209, Atl. pls. 19-21) 
described and figured in detail the morphology 
and anatomy of two forms of Glycosmis culti- 
vated in Italy, one he determined as G. penta- 
phylla Corréa, the other with less certainty as 
G. lanceolata Kurz. In this latter species, Penzig 
found the plumule of the embryo, before germi- 
nation, to have abundant, rather long, slender, 
many-septate, brown hairs with punctate walls. 
Such hairy plumules are exceedingly rare and 
were not known to Penzig anywhere else except 
in certain species belonging to the Meliaceae, 
a plant family closely related to the Rutaceae. 

The species of Glycosmis are still very 
inadequately described and need study more 
urgently than those of any other genus of the 
orange subfamily. 


TENTATIVE LIST OF SPECIES OF 
GLYCOSMIS 


The taxonomy of Glycosmis is in such a 
state of confusion that it is not yet possible to 
key out all the species or even to tell with cer- 
tainty how many should be recognized as valid. 

Engler (1931, pp. 317-15) listed twenty-one 
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species as follows (numbers added and geographi- 
cal names modernized): (1) G. pentaphylla (Retz.) 
Corréa (= G. cochinchinensis [Lour.] Pierre), very 
widely distributed; leaves and inflorescences very 
variable; leaves one- to two-paired or unifolio- 
late, with long-lanceolate, blunt or acuminate 
leaflets; distributed in the whole Indian-Malayan 
region through the Malay Peninsula and Timor 
to northern Australia, and north to the Philip- 
pines (among the many varieties is one with a 
single lanceolate leaflet, in the Khasi Hills, Assam 
and Burma; another [G. simplicifolia Spreng.] oc- 
curs in Java); (2) G. cyanocarpa (Blume) Spren- 
gel, common in the Malayan region and also 
found in the eastern Himalayan region by Hooker 
fils and Thompson and sent out from Kew as 
G. arborea; (3) G. macrocarpa Wight, leaves with 
5-1 leaflets; in southern India and Perak; (4) 
G. ovoidea Pierre, leaves with 5-1 leaflets; in 
Cambodia; (5) G. erythrocarpa Hayata; leaves 
with 3-1 leaflets; in Taiwan; (6) G. montana Pierre 
(= Tetracronia cymosa Pierre, fide Tanaka), 
leaves with 13 leaflets; in South Vietnam (Co- 
chin China); (7) G. tomentella Ridley, leaves with 
15 to 7 leaflets; in Malay Peninsula, Selangor; 
(8) G. sapindoides Lindley, with a pubescent 
ovary; in Andamans, Malay Peninsula, Java; (9) 
G. malayana Ridley, leaves always 5-foliolate; 
abundant in Malay Peninsula from Singapore to 
Perak; (10) G. monticola Ridley, leaves always 
5-foliolate; rare; in Malay Peninsula, Mt. Ophir, 
and Gunong Mering at 1,000 m altitude; (11) G. 
elata Ridley, leaves always 5-foliolate; rare; in 
Malay Peninsula (Kelantan and Kota Bharu); (12) 
G. mauritiana (Lam.) Tanaka (= Limonia mau- 
ritiana Lam. [Ency., 3:51, 1789] = Limonia pen- 
taphylla Roxb. [Pl. Corom., p. 60, 1795] = G. tri- 
phylla Wt. [1833] = G. nitida Wt. & Arn. 
[1834]), leaves with three or five leaflets, staminal 
filaments flattened; along the Coromandel coast 
and in other parts of India and Mauritius Island; 
(13) G. rupestris Ridley, leaves always trifoliolate; 
in Malay Peninsula; (14) G. puberula Lindley, 
leaves always trifoliolate; ovary pubescent; in 
Malay Peninsula. 

The following species (nos. 15-18) all have 
unifoliolate leaves: (15) G. dinhensis Pierre, South 
Vietnam (Cochin China); (15a) G. bonii Guillau- 
min [= Murraya stenocarpa], North Vietnam, 
Tonkin; (15b) G. pseudoracemosa [Guill.] Swingle 
[= G. cyanocarpa (no. 2 above)], North Vietnam, 
Tonkin; (16) G. crassifolia Ridley, Malay Penin- 
sula; (17) G. lindleyana Swing. nom. nov., G. 
macrophylla Lindley (non Miquel) ex Ridley 
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[Fl. Malay Penin., 1:349 (1922)], leaves unifolio- 
late, thin, elliptical, acuminate, 8 by 3.5 inches; 
ovary conic, on a large disk; type, Wallich, No. 
6377, Penang, local; (18) G. parkinsonii Tanaka, 
Burma, Tenasserim. 

Tanaka (1930a, pp. 47-49) reported fifteen 
species in Indo-China and Thailand, among them: 
(19) G. pierrei Tanaka (= Thoreldora cochin- 
chinensis Pierre), South Vietnam (Cochin China); 
(20) G. craibii Tanaka (= G. singuliflora Craib, 
non Kurz), Thailand; (21) G. longipes (Craib) 
Tanaka, Thailand. Ridley (1930, p. 79) reported 
one new species from Borneo (21a, G. oliveri 
Stapf [= G. macrantha Merr. (no. 29)]) with very 
large flowers. Engler included these species in 
his list. 

In addition to the foregoing list given by 
Engler (1931, pp. 317-18), Tanaka (1928b, 1930a, 
1930b, 1931b, 1932e, 1937) has restored some old 
species and made a few new combinations and 
new species as follows: (22) G. esquirolii (Lév.) 
Tanaka, China, Kweichow Province; (23) G. 
parva Craib, Thailand; (24) G. winitii Craib, 
Thailand; (25) G. bilocularis Thwaites, Ceylon 
and peninsular India; (26) G. citrifolia (Willd.) 
Lindley, southern China, North Vietnam, South 
Vietnam, Laos, Cambodia, Thailand; (27) G. 
chlorosperma Blume, Java, Malay Peninsula; 
Borneo; Balabac Island, P.I.; (28) G. clemensii, 
Tanaka, North Borneo, Mt. Kinabalu; (29) G. 
macrantha Merrill, Borneo, Tawau; (30) G. angu- 
laris Elmer, Leyte Island, P.I.; (31) G. greenii 
Elmer, Philippines, Borneo, Moluccas, New Gui- 
nea, Australia; (32) G. platyphylla Merrill, Leyte 
and Samar islands, P.I.; (33) G. singuliflora Kurz, 
India, upper Assam; (34) G. macrophylla (BI.) 
Miquel, Moluccas, Kei Islands; (35) G. boreana 
Narayanaswami, India, Assam. 

Tanaka also transferred G. bonii (no. 15a 
above) to the genus Murraya (as a synonym of 
M. stenocarpa) and considered G. pseudorace- 
mosa (no. 15b) to be a synonym of G. cyanocarpa 
(no. 2) and G. oliveri (no. 21a) a synonym of 
G. macrantha (no. 29). This makes the tentative 
list total thirty-five supposedly valid species. 
There are also many varieties both old and new 
not listed here. 

To show how many apparently good spe- 
cies can be made out of a single species of the 
older authors, Kurz (1876, pp. 33-40) made ten 
species that he thought good out of what had 
been called G. pentaphylla (Retz.) Corréa by 
Oliver (1861) and Hooker (1875). Kurz described 
all ten and illustrated seven. His key gives an 
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excellent idea of the characters shown by the 
species of Glycosmis; it is reproduced below with 
slight emendations: 

Of the foregoing ten sete segregated 
by Kurz from G. pentaphylla (fig. 3-3), as under- 
stood by Oliver (1861) and Hooker (1875), four 
are listed by Kurz as having named varieties: 
(a) G. cyanocarpa and (d) G. trifoliata, each with 
four varieties; (e) G. triphylla and (h) G. arborea, 
each with two varieties in addition to the typi- 
cal form. Seven of these segregates, a, b, c, é, f, 
g, h, of the key presented below are figured in two 
plates. 

Of these ten species, Kurz considered f, i, 
and k as distinct species “beyond any doubt,” but 
was undecided whether d, e, and g should not 
be thrown “all into one species.” In the preced- 
ing numbered list, six of Kurz’s species are in- 
cluded: a = no. 2; c = no. 1; e = synonym of no. 
12; f = no. 33; g = no. 14; k = no. 17. One spe- 
cies reduced to varietal rank by Kurz (var. 8 of 
species a) was considered a good species by Eng- 
ler (no. 8 above). 

It is very necessary that all the species 
and varieties of Glycosmis be subjected to a criti- 
cal revision and then be fully described and pro- 
vided with a workable key. The descriptions of 
the older species do not suffice to separate these 
species from the many new ones now recognized, 
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some of which are also inadequately described. 

One or more illustrations of the following 
eleven species of Glycosmis are cited in Stapf 
(1929-1931, vol. 3, p. 298, and vol. 6, p. 554): 
G. arborea var. insularis Kurz; °G. cochinchi- 
nensis Pierre (no. 1); G. cyanocarpa Spreng. (no. 
2); G. cymosa Kurz; G. lanceolata Spreng.; °G. 
madagascariensis Corréa; G. montana Pierre (no. 
6); G. pentaphylla Corréa (no. 1), “(sub nomen 
Limonia pentaphylla)’; G. puberula Lindl. (no. 
14); G. singuliflora Kurz (no. 33); °G. triphylla 
Wight (no. 12). (The species names preceded by 
an asterisk have colored illustrations and those 
followed by a number in parentheses are thereby 
assigned to the species in the numbered list 
above.) 

Glycosmis citrifolia. (Willd.) Lindl. Trans. 
Hort. Soc. Lond. 6:72. 1826. Limonia citrifolia 
Willd. Enum. 448. 1809; L. parviflora Sims, Bot. 
Mag. pl. 2416. 1823; Glycosmis pentaphylla, var. 
B, subvar. 2 (chinensis) Oliv. Jour. Linn Soc. Bot. 
5(2):37. 1861. Illus. Sims, loc. cit. pl. 2416; Tillson 
& Bamford, Amer. Jour. Bot. 25:782, figs. 12, 13. 
1938; Everett, Addisonia 21: pl. 687. 1940. 


Type.—(Willdenow, No. 8116), Herb. Bot. Mus., 
Berlin-Dahlem. 

Distribution—Southern China, North Vietnam, 
South Vietnam, Cambodia, Laos, Thailand; widely cul- 
tivated in the Old and New Worlds. 

Common name.—Chinese glycosmis. 


Key TO TEN SPECIES OF GLYCOSMIS FORMERLY INCLUDED IN G. PENTAPHYLLA 
A Filaments gradually dilated upward and abruptly acuminate below the anthers......................::csessescesseeeeeeseneteeeeeeees B 


B Berries obovate to oboval, leaden-blue; anthers obtuse; ovary smooth. (Java to ee 


a) G. cyanocarpa Spreng. 


BB Berries Sutra or nearly so, eee to flesh-coloured and Crimson.................:.:::0cccsseceececseececeesecceeeenssnceees C 


C Bark red-brown, fissured; peta 


SOS oer amore eee OteHeseBSeeseseeaeseeesseseasecassseassouases 


very deciduous; anthers minutely gland-tipped. (Java, Sumatra, Timor, 
BROEMECO:) 5 ctcdes ce Sev ans's Sosewencan vu cedy coceoeliae ts avatueess ects b 


) G. lanceolata Spreng. 


CC Bark white; petals more persistent; anthers conspicuously gland-tipped (India, Ceylon, Burma.) 


(c) G. pentaphylla Corréa 
D 


AA Filaments subulate or linear, gradually and esas or not dilated downward.................::2:::ccsecceeseceeesssseeeeseeseseeeeeees 


D Flowers solitary in the leaf axils; berries o 


ASSO): esd is ase ho i Scns ocean egeens 


long, % in. long; leaflets coriaceous, polished above (India: upper 
Siete cate Stele ele na Nh iad Nassua td (f) G. singuliflora Kurz 


DD Flowers in cymes, erga or simple or compounded racemes ...........-.:2ccsecccecesececeeseeseseneneaceeneeseserenenensteneeeees 


E Nerves and mi 


rib above not impressed .......... 
F Petals obovate to oboval, broad.................- 


G Petals very deciduous; anthers obtuse; leaflets usually large. (Java, Australia.) 


(d) G. trifoliata Spreng. 


GG Petals more persistent; anthers obtuse; leaflets small. (India, Ceylon.) ........ (e) G. triphylla Wight 
GGG Petals very deciduous; anthers gland-tipped, filaments short, equally filiform; ovary sessile, 


densely rusty-pilose. (Malay Peninsula: Penang, Singapore.) .................-+ (g) G. puberula Lindl. 
FF Petals linear-oblanceolate, very deciduous; anthers obtuse, filaments very long; ovary stipitate, papil- 
lose or rarely smooth. (Peninsular India: Circar Mountains.) ...........0.00.-..cceeeee (h) G. arborea Corréa 


EE Nerves and midrib above conspicuously impressed; leaflets greenish-gray; berries the size of a small cherry. 


(Western JaAvas) sscciectenst sieeve tile eh catesceeys 
In addition to the 9 species keved out above, Kurz recognized another species which could not 


ea tdi sa ts SD aac asa (i) G. pee cae Spreng. 


included in 


his key based on flower characters as its flowers were unknown. It could be appended as follows: 
AAA Leaves opposite or subopposite, 6-7, rarely 1-foliolate, with persistent subulate stipules 2-3 mm long, associated 
with stipuliform linear-lanccolate paraphylls, 1.3-2.5 mm long. (India: Assam; Burma; Malay Peninsula: Penang, 


IVA DENA) cect erect ccc eee le ott! Sane Batoatieseer ea ain enlace ahi (k) G. macrophylla Lindl. 
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Fig. 3-3. Glycosmis pentaphylla. Fruiting branch. 


A small tree or shrub with slender, glabrous, 
greenish twigs with nodes 2-4 cm apart leaves 1-, 2-, or 
3-foliolate, rarely 4- or 5-foliolate; leaflets (or the single 
blade) elliptical or oblong-elliptical, 6-17 x 2-5 cm, usu- 
ally acute at the tip and narrowly cuneate at the base, 
rarely somewhat rounded at base, more rarely at tip, more 
or less covered with rusty-brown, short pubescence when 
very young but soon glabrescent, lateral veins very nu- 
merous, 12-15, visible on both surfaces, variable in size, 
only the stronger ones running nearly straight about % of 
the way to the margin, at an angle of 50°-60° with the 
midrib; petioles 1.5-2.5 cm long, articulated with the 
blade in simple leaves; petiolules of lateral leaflets 4-8 
mm long, with a channel on the upper side made by the 
decurrent leaf margins, articulated only at the base with 
the rachis; the terminal leaflet of pinnate leaves often ar- 
ticulated with a free portion of the rachis 1-2 cm long; 
inflorescences small, axillary, usually 2-3, sometimes 4-5 
cm long, rarely terminal, sparingly branched, pedicels 
very short, all parts of the inflorescence covered, when 
young, by a dense rusty-brown pubescence; flowers small, 
white, 4-5-merous; sepal lobes small, subtriangular, with 
more or less ciliate margins; corolla campanulate, petals 
white, small, 3.5-4.5 mm long, bluntly cuneate at the tips, 
soon falling; stamens 10, filaments filiform, slightly dilated 
upward; ovary short, ovoid, 1.5-2 x 1.3-1.6 mm, paugp 
or tubercular, merging into a short, thick, persistent style, 
0.4-0.5 mm long, tapering upward and ending in a de- 
pressed cushion-shaped, persistent stigma, 0.5 mm wide 
and 0.2-0.3 mm high; fruits subglobose, translucent white 
or pinkish, 11-13.5 mm diam.; seeds 1-3, oblong, cotyle- 
dons green. 


This species, the Chinese glycosmis, al- 
though widely cultivated in all tropical countries 
and in greenhouses in the temperate zones, is still 
inadequately studied. The description above was 
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based on the type specimen (leaves only) pre- 
served at the Berlin-Dahlem herbarium, and on 
material from southern China determined as this 
species by Tanaka. The Chinese glycosmis is 
often labeled G. pentaphylla (Retz.) Corréa in 
gardens or herbaria, as many authors have con- 
sidered it as being merely a form of that species. 
It has also been called G. cochinchinensis Pierre 
by some botanists. These three species, and all 
the others for that matter, should be introduced 
into the United States and grown side by side 
so that they can be properly distinguished, ade- 
quately described, and tested as possible root- 
stocks for Citrus and as ornamental plants for 
greenhouse culture or for planting in subtropical 
gardens and parks. Glycosmis citrifolia has be- 
come naturalized in the hammocks of Key West, 
according to Small (1933, p. 759) and Everett 
(1940, p. 29). 


l1]. Clausena Burm. f. 


III. Clausena Burm. f. Fl. Ind. 87, 243. 
1768. Cookia Sonner. 1782; Fagarastrum G. Don. 
1832; Gallesioa Roem. 1846; Myaris Presl. 1849; 
Quinaria Lour. 1790; Piptostylis Dalz. 1851; Poly- 
cyema Voigt. 1845. 


Type species.—Clausena excavata Burm. f. 

Distribution—Southwestern Asia, East Indian 
Archipelago, Philippines, New Guinea, Australia, north- 
eastern tropical Africa from Abyssinia south to Natal and 
Pondoland in Cape Province of the Republic of South 
Africa, central tropical Africa, and western Africa from 
Angola to Sierra Leone. 


Trees or shrubs without spines; leaves odd-pin- 
nate, leaflets alternate, usually 3-7 sometimes 19-32; 
rachis usually not winged; inflorescences terminal or 
axillary, paniculate or laxly racemose, flowers often in 
cymose clusters, flower buds small, subglobose or short- 
oval or oblong, never long-cylindric; flowers small, calyx 
4-5 lobed; sepals fused into a cup below; petals free, 
4 or 5 imbricate in the bud, usually elliptical; sta- 
mens 10, in 2 whorls, the outer row opposite the 
sepals usually longer, filaments more or less dilated or 
flattened below, often geniculate where the filiform 
apical portion joins the flattened and expanded basal 
portion, anthers ovate or elliptical, rarely short and subglo- 
bose; gynophore well develoned, sally a perfectly gla- 
brous hourglass-shaped column resting on an annular nec- 
tary below and supporting (sometimes clasping) the base 
of the ovary above; ovary with 2-5 locules, often pubes- 
cent or glandular, ovules 2 in each locule (rarely 1); style 
deciduous, often shorter than the ovary or equaling it in 
length (rarely longer), thick, sometimes merging gradually 
into the ovary, often sharply delimited and narrowed 
where it joins the ovary, stigma inconspicuous, sometimes 
subcapitate after the style shrivels; fruits small, sub- 
globose or ovate, with 2-5 segments, sometimes only 1 
seed maturing; all flower parts usually showing many (not 
all) cells strongly impregnated with tannin residues. 
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The most distinctive morphological char- 
acter of the genus Clausena is the gynophore, 
which in the typical species is a large, well- 
developed, hourglass-shaped structure support- 
ing the ovary. It is perfectly glabrous and rests 
upon and merges into a short annular nectary 
below and sometimes expands above into a thin- 
lipped cup-like structure that encloses the base 
of the ovary. However, the gynophore varies 
greatly in the different groups of species and in 
some is so modified by expansions caused by 
development of oil glands that it is difficult 
to recognize. Nevertheless, it is present in all 
species of Clausena and separates them from 
the species of other related genera. 


RELATIONSHIPS OF THE SPECIES OF 
CLAUSENA WITH ONE ANOTHER 


The numerous species of this genus, still 
only imperfectly studied with respect to the 
minute flower characters, cannot be arranged 
now in natural sections or subgenera. It is clear 
to any taxonomist who looks over carefully a 
large collection of the species of Clausena that 
they can be classified into obviously related 
groups, some small, some large. Unfortunately, 
these groups are not clearly distinguished from 
one another but, on the contrary, seem rather to 
merge into allied groups without any sharp line 
of demarcation. 

The study of the flower characters and in 
particular of the gynoecium by means of serial 
microtome sections has shown that important 
characters are found in the pistil that may help 
to define the natural groups of species. 

The type species of the genus, C. excavata, 
has a striking hourglass-shaped gynophore which 
is completely glabrous. It arises from the annu- 
lar nectary below and, after contracting, again 
expands and may even be slightly flaring where 
it joins the ovary, which is strongly hirsute. The 
ovary, which is 5-locular, merges into the style 
without any clear line of demarcation, and the 
style is not narrowed where it joins the tip of 
the ovary. 

On the other hand, in C. indica the style 
is abruptly contracted and countersunk into a 
conical depression at the tip of the ovary, which 
has two to five locules. This species was made 
the type of the genus Piptostylis and belongs to 
a large group which includes many other species. 

The species C. pentaphylla at present pre- 
vents a clear separation of the two groups outlined 
above. The pistil shows no sharp boundaries of 
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gynophore, ovary, and style; the gynophore is as 
broad as the ovary—not hourglass-shaped—and 
is more or less lobed, often having short processes 
each ending in an oil gland. The style may be 
slightly contracted where it joins the iy of the 
ovary but is frequently more or less swollen with 
oil glands just at this junction. 

Clausena lansium stands apart from all 
the other species of the genus in having a star- 
shaped bud (due to its five strongly carinate 
petals) and a 5-angled ovary, corresponding in 
position to the five petal keels in a cross section 
of the bud. The pistil is unusually large; the ovary 
is very strongly hirsute and merges into the style, 
which is slightly contracted at the base. It is hour- 
glass-shaped as in C. excavata. Furthermore, the 
twigs show a central gum canal, doubtless formed 
by a lysigenous breakdown of the tissues. The 


. locules of the ovary contain scattered but well- 


developed hairs which arise on the dorsal and 
outer portion of the lateral walls and usually 
grow more or less toward the axis of the ovary. 
One much longer hair arises at the base of each 
locule and grows vertically upward, nearly to the 
top of the locular cavity (Penzig, 1887, p. 179, pl. 
16, figs. 11, 12, 16). The fruits are apparently the 
largest in the genus and the locules of the ripe 
fruits are almost filled with a pulpy tissue which 
Penzig found to arise from the hypertrophy and 
multiplication of layers of cells nearest to the 
endocarp. This species was the type of the genus 
Cookia, but no other species having similar 
characters are yet known. 

Clausena lenis also stands alone in the 
genus, having leathery petals and a a ep 
gynophore, no longer hourglass-shaped as in 
almost all the other species. Just above the thin 
annular nectary there is a narrow constriction 
followed by a cylindrical gynophore evidently 
swollen by a ring of 12 to 15 oil glands at its 
very base; it merges above into the ovary. The 
style is slender, two to three times as long as 
the ovary, by far the longest of any species in 
the genus, and contracted below, where it joins 
the ovary. The leaflets are subdentate, and the 
largest ones are lateral leaflets attached about 
two-thirds of the way up the rachis. 

Clausena guillauminii has leaves showing 
dimorphic oil glands, the larger ones being 4 to % 
mm in diameter, and deep red by transmitted 
light; the flower parts show a single large oil 
gland at the tip of each sepal, each petal, each 
anther, and each locule of the ovary. C. wallichii 
has almost the same distribution of the oil glands 
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in the flower parts. C. papuana shows great varia- 
tion in the size of the oil glands in the leaflets 
and has the oil glands similarly distributed in 
the flower parts. These species may be closely 
related; certainly C. guillauminii, C. wallichii, 
and C. luxurians are. The last-named species 
have the rachis slightly winged, unlike all other 
species of Clausena. 


THE SPECIES PROBLEM IN CLAUSENA 


Of the twenty-three species of Clausena 
recognized here, ten were published from 1900 
to 1930 and one as late as 1940. Of the others, 
one was published in 1892 and eleven from 1768 
to 1875. It now appears that many of the older 
species, although they were described adequately 
enough to distinguish them from the other species 
known at the time, were nevertheless not de- 
scribed fully enough to separate them clearly 
from the many species recently discovered. Then, 
too, the range of the older species has been ex- 
tended steadily as new botanical collections have 
been made. Very widely distributed species like 
C. excavata and C. anisata show, as might be 
expected, very many variations in their charac- 
ters in specimens collected from widely different 
localities. 

For these reasons a clear-cut definition of 
the species of Clausena will require a great 
amount of work which can be done only by 
using all the material in the leading herbaria 
of the world. 

Tanaka, who assiduously studied Clausena 
(and also the other genera of Aurantioideae) from 
1927 to 1937 in the herbaria of Europe, Asia, and 
America, has done much to clarify the species of 
this genus. He has published notes on them in all 
his valuable papers included in the series “Reviso 
aurantiacearum.” 

Swingle was permitted to borrow nearly 
a thousand sheets of material of Clausena from 
many of the leading herbaria of the Old World 
and the New, including all the Clausena material 
in the herbariums of the Royal Botanic Gardens 
at Kew and the Royal Botanic Garden at Cal- 
cutta. Thanks to these loans he was able to make 
a close study of many of the actual type speci- 
mens of the species of Clausena. In the study 
of this rich material he used a modification of 
Juel’s method of softening herbarium material, 
after which it was fixed, dehydrated, imbedded, 
cut into serial microtome sections, double-stained, 
and finally mounted permanently on glass slides 
(Swingle, 1939b, p. 270). 
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In this work, Swingle had the skillful as- 
sistance of Dr. Albert H. Tillson. Figure 3-4, 
which shows longitudinal microtome sections of 
nine species of Clausena, makes clear how help- 
ful this method is in studying herbarium mate- 
rial, especially the pistil just after the petals and 
stamens have fallen. It has not, however, been 
possible to work out all the species satisfactorily. 
Some species, like C. anisata, vary so greatly 
that months of work should be needed to study 
its numerous forms adequately, and other species 
are not well enough represented in herbaria for 
any complete study. 


GEOGRAPHICAL DISTRIBUTION AND USES 


The geographical distribution of Clausena 
is of interest since it has the widest range of any 
genus included in the orange subfamily, species 
being found all the way from northwestern India 
to China and Taiwan, south through the East 
Indian Archipelago to Timor, northern Australia, 
and New Guinea. Moreover, there is a group 
of three species that covers a wide range in 
Africa, from Ethiopia (Abyssinia) to Cape Prov- 
ince and through western Africa from Angola 
north to Sierra Leone. 

There are wide differences in the charac- 
ter of the growth and the height of the species; 
they range all the way from shrubs 20 to 40 cm 
high in Indo-China to trees reaching a height 
of 20 m (66 feet) in Africa. 

Several species of Clausena produce edible 
fruits, but up to now only one of them, the 
Chinese wampee, C. lansium, is cultivated (in 
southeastern China) on a commercial scale, with 
many varieties, the fruits varying greatly in size, 
flavor, and time of ripening. One other species, 
the Indian wampee, C. dentata var. dulcis, is 
gathered on a large scale from wild trees in the 
state of Madras in southern India, where it is 
a highly appreciated fruit, said by the British 
experts who have studied it to be of excellent 
flavor. At least two other forms are said to pro- 
duce edible fruits, C. indica of India and Ceylon 
and C. dentata var. henryi of southwestern China. 

The Chinese wampee, C. lansium, can be 
used as a rootstock for Citrus, provided a few 
twigs of the wampee are left growing below the 
graft (see p. 218). Other species of Clausena 
should be tested as stocks for Citrus and also for 
the edible-fruited species of Clausena. 

Clausena anisum-olens, a species common 
in the Philippines from Luzon Island to Minda- 
nao Island, grows in the forests from sea level 
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to 1,500 m altitude. It is a small tree 3 to 6 m 
tall and has leaves with a strong odor of anis oil. 
West and Brown (1920, pp. 211-12) stated that 
the suggestion had been made that the leaves 
could be used locally in preparing anisado, a 
favorite alcoholic beverage among the Filipinos. 
The essential oil of the leaves was found by 
Brooks (1911, p. 344) to consist very largely (from 
90 to 95 per cent) of methyl chavicol, which is 
easily converted into anethol, the true anis oil. 
The leaves yield about 1.2 per cent of oil after 
five hours’ distillation over steam. This essential 
oil is not known to occur in such a large propor- 
tion in any other plant of the family Rutaceae. 

It is highly probable that other species of 
this large and very widely distributed genus, 
when studied carefully, will be found to be of 
value for their fruits, for use as rootstocks, for 
their essential oils, or for planting as ornamentals 
because of their abundant white flowers and 
handsome foliage. 

The ee four keys covering the spe- 
cies native to the four principal regions where 
Clausena is indigenous will help in giving an 
idea of the differences between the species. 
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1. Clausena excavata Burm. f. F]. Ind. 87. 
1768. Murraya burmanni Spreng. 1825; Amyris 
sumatrana Roxb. 1832; A. punctata Roxb. 1832; 
Gallesioa graveolens Roem. 1846; Clausena lunu- 
lata Hay. 1911; C. tetramera Hay. 1916; C. mo- 
ningerae Merr. 1923. Illus. Burmann f. loc. cit. 
pl. 29, fig. 2; Guillaumin, in Lecomte, Fl. Gén. 
Indo-Chine 1:664, fig. 70 (8-10). 1911; Tillson & 
Bamford, Amer. Jour. Bot. 25:782, fig. 15. 1938; 
fig. 3-4, A-B, and fig. 3-5 this work. 

Type.—Java (Burmann, Dauhon Kongeere, No. 
29). Herb. Van Royen, in Rijks Herb., Leiden, sheet “908, 
203-... 1051” (fide Tanaka, 1932 e, p. 422). 

Distribution.—India: Coromandel and northern 
districts to Bhutan; Burma; Thailand; southern China; 
North Vietnam; South Vietnam; Laos; Cambodia; Malay 
Peninsula; Sumatra; Java; Borneo; Philippines; New 
Guinea. 

Hooker (1875 vol. 1, p. 504) described this spe- 
cies, with slight rearrangement, as follows: “A [small] tree, 
branchlets as thick as a crow-quill and, as well as the in- 
florescence and leaflets, more or less softly tomentose; 
leaves 15-30-foliolate, 6-12 in. [15-30 cm] long; petiole 
slender, cylindric, more tomentose than the leaflets, which 
are very oblique at the base, petioluled, 2-3.5 in. [5-8 
cm] long, ovate or lanceolate, acuminate, membranous, 
crenate, upper ones often falcate. Panicle 4-12 in. [10-30 

(Text resumes on page 214) 


KEY TO THE SPECIES OF CLAUSENA NATIVE TO INDIA, CEYLON, BURMA 


A Rachis narrowly winged (wings 1-2.5 mm wide on each side); leaves 20-30 cm long; leaflets 13-17, 5-10 x 3-4 
cm, undulate-denticulate; flowers 4.5-5 mm long from base of calyx to tip of stigma, all flower parts strongly im- 
pregnated with tannin residues. (Central and southern Burma.)......................:::csssseceeeseseeeeseecceseeeeeeeees 20) C. wallichii 

B Rachis very narrowly winged (wings 0.3-1 mm wide on each side); leaves 30-50 cm long; leaflets 6-10, 6.5-21 x 
4-9.5 cm, almost entire-margined; flowers 2.5-3.5 mm long from calyx base to stigma, flower parts free from 
tannin residues. (Southem Burma, west-central Thailand.) .....0.........0.0...ccccccsecscceeseeceeeeeseeseeseeeeees 21) C. luxurians 


A Rachis: Win Ql6SS cscs enc oestascttsa gs eovssactrecteccasnsecceiueemnieese 


C Leaves 20-30-foliolate, narrow; leaflets 5-8 cm long; inflorescences terminal, paniculate; ovary blendin 
with style, which is not narrowed at base. (India: Himalayan region to Silhet; Burma: Chittagong, an 


PG QU) secede vag eis oh se eto AN etna 


eee alte cht eee eel hele alent: 1) C. excavata 


(Twigs, rachis, and leaflets clothed with soft spreading hairs; petals hirsute. (Burma.) 


CC Leaves with fewer than 20 leaflets....................- 


la) C. excavata var. villosa) 


Oe OES O OSES SEO SOSOSOTO SHS SEOES SESS SE SEOSSESSEKSSEHOSSSOSESSESSSSSSSEESESSESSSSSSCESCSETESSSEESEES 


D Flower buds star-shaped; ovary densely pilose; style merging with ovary; fruits large, 2-3 cm long, 


succulent, edible (cultivated) ssccccc.cccccascsoccececsssenecesceccdossceceseseesssccecesoaeccoceecnaadecesseancnacseataaesouse 2) C. lansium 
DD Flower buds more or less subglobose, not star-shaped; ovaries not densely pilose ...................:::+-:s00+0 E 
E Inflorescences usually axillary racemes; leaves 5-13-foliolate; leaflets small, 2.5-5 cm long. (India: 
Himalayan region, western peninsula; Ceylon.) ................::ccccessccsseseeceeecseeeeeeeeeeeneenees 6) C. dentata 


[Leaflets more membranaceous, more odoriferous, more prominently dotted, very erose toward the 
apex; fruits large, succulent, edible. (India: western peninsula, Anaimalai Hills to Travancore.) 


6c) C. dentata var. dulcis] 


(Twigs, petioles, leaflets, etc., more or less pubescent or tomentose throughout. (Southern India: 


Madras State; Ceylon... 


shag ad cst ieee eicacraheenae aa aaa 6 a) C. dentata var. pubescens] 


EE Inflorescences terminal, not axillary; leaves 10-40 cm Jong..................sscceceseesecesceceseeseeeeseeeeeeeeenees F 
F Gynophore poorly defined; junction of ovary and stvle often obscured by oil glands; leaflets 
10-15 cm long; fruits very small, 8 mm diam. (Northwestern India: Himalayan region, Ku- 


maon to Nepal.) ..........c.ccceesseseees 


oe INT eae ee en een EER OR 3) C. pentaphylla 


FF Gynophore well defined; style distinct from the ovary................:cccescecceceeseeeeesneeeesaeensenneeeenenes G 
G Style as long as the ovary; leaves 15-40 cm long, with a strong odor of aniseed; ovary 
4-locular. (Northeastern India: Khasi Hills; northwestern Burma: Chittagong.) 


5) C. heptaphylla 


GG Style much shorter than the ovary; leaves 10-25 cm long; ovary 2-5-locular. (India: 
western peninsula and Madras State; Ceylon.).........ecc cece cess eceeeeeeeeeeeeeeeeeens 4) C. indica 
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KEY TO THE SPECIES OF CLAUSENA NATIVE TO SOUTHERN CHINA, SOUTHERN BURMA, 
THAILAND, INDO-CHINA, MALAY PENINSULA 
A Petals coriaceous, brownish when ay: ovary 2-locular; style 2-3 times longer than ovary; leaves 30-65 cm long; 
leaflets largest at middle of rachis, there 10-13 x 3.5-5 cm, very unequal-sided at base, acuminate or caudate, 


dentate-serrate. (North Vietnam: Tonkin; Laos; Thailand; China: Yunnan Province.) ..................:000:000s000- 22) C. lenis 
AA Petals not coriaceous; ovary 4-5-locular; style less than twice as long as OVALY...............2::::ccssssescsseseeseasseessesessseeeeaees B 
B Rachis slightly winged or margined; leaves with dimorphic oil glands, larger ones 4-14 mm diam., reddish or 
brown when old. (Laos, Thailand.) .................::.ccccceccseeescscceccesssscececccessnnceececessneceeeeeecsasecseeeecseecees 19) C. guillauminti 

BB Rachis not winged; leaves without dimorphic, reddish oil glands. .....................1....:cssseesesseseeseseeeeeeseesesescsenseeenseeees Cc 
C Flower buds star-shaped; ovary large, very densely pilose with yellowish or brownish stiff hairs; fruits 2-3 

cm long, fleshy, edible. (Southern China; cult. elsewhere.)...................0.1..sssccssesesseseeeeeeeseeseeesentes 2) C. lansium 

CC Flower buds not star-shaped; ovaries not very densely pilose; fruit less than 2 cm long...................0...000 D 

D Leaves slender, 19-30-foliolate; leaflets small, 3-8 cm long; ovary hirsute, blending with style, which 

is not narrowed at base. (Southern China, Taiwan, Indo-China, Malay Peninsula.) ............ 1) C. excavata 

DD Leaves with fewer than 19 leaflets; ovary distinct from style, which is narrowed at base where at- 

EAC sa bare es earns ei eed eh rat ses aad ssa nea Pace acacia spe ana a Satene bab ueat as nad ahatee dated E 

E Fruit spherical, small, 8 mm diam., red-violet; leaflets caudate, but margins entire and base nearly 

equal-sided; leaves 15-20 cm long, 5-11-foliolate. (Cambodia) .......................+- 13) C. cambodiana 

EE Fruits larger than 8 mm diam., not red-violet; leaflets usually unequal-sided at base and not cau- 

AACS AURA Ds osecce eds ous recat oases se ecea ou nay Bearers ha dessa csusseSaubaae deceit Caves vores east eytseuctspugedaansTacetsGcesthecesetiecs F 


F Pedicels very short, about 1 mm, 14 the length of pistil; ovary 1.2-1.5 mm long, 1 mm wide, 

5-locular, with 2 large glands at tip of each locule; style only half as long as ovary. (Cambodia.) 
7) C. harmandiana 
FF Pedicels at least 4 as long as pistil; ovary with 1 oil gland or more at tip of each locule......... G 
G Leaves 5-foliolate, 30 cm long; ‘eaflets 12-15 cm long; nearly equal-sided at base; 
flowers small, 2.5 mm diam.; ovary tuberculate; style equaling ovary in length. (South- 
ern Burma: Tenasserim; Thailand; Malaya.) ...................cesseeeseeeeeeees 8) C. macrophylla 
GG Leaves more than 5-foliolate; leaflets usually under 10 cm (rarely 12 cm) long; inflores- 
cences axillary, usually slender and crowded at the ends of the branches....................-.-+- H 
H Fruits ovoid, 9-12 x 6-9 mm, black; petals hirsute; leaves large, 25-35 cm long; 

leaflets 13-17-foliolate. (China: Hupeh and Yunnan provinces.) 


6f) C. dentata var. henryi 

HH Fruits globose or subglobose....................::csscssssscesecsesssecseseseeseecesseeececescnesseaseeseseeeseeseeees I 
I Leaflets nearly equal-sided; ovary slender, 1.7-2 x 1 mm, tapering gradually 

into style; locules not each tipped with an oil gland; style long (14-1% times as 

long as the ovary.) (Thailand, Burma.) ...................... 6b) C. dentata var. longipes 

II Leaflets somewhat unequal-sided; ovary nearly as broad as long, not merging 
gradually into style, locules usually each sa with an oil gland....................... K 

K Leaves 5-11-foliolate; leaflets elliptical, acuminate, inconspicuously crenate. 


(China: Kweichow and Kwangsi provinces.) ...... 6d) C. dentata var. dunniana 
KK Leaves 9-15-foliolate; leaflets broadly oval, accuminate, unequal-sided. 


(China: Yunnan Province.) .................ccscssseeesseees 6e) C. dentata var. robusta 
HHH Fruits oblong or fusiform, 20-25 x 8-10 mm, succulent; leaves deciduous, softly 
tomentose, 11-17 foliolate. 20.0.0... cece sessssrceceeeeeeeesenens 23) C. suffruticosa 


KEY TO THE SPECIES OF CLAUSENA NATIVE TO THE EAST INDIAN ARCHIPELAGO, THE 
PHILIPPINE ISLANDS, NEw GUINEA, AUSTRALIA 


A Leaves narrow, 19-30-foliolate; leaflets 5-8 cm pak inflorescences terminal, paniculate; ovary hirsute, blending 


with style, which is not narrowed at base. (East Indian Archipelago, Philippines.) ...................0....0000+ 1) C. excavata 

AA Leaflets broader, fewer than 19; ovary distinct from style, which is narrowed at base....................::::cssessseeseeeeeeseees B 
B Tips of sepals, petals, stamens, and ovary locules each with a prominent large oil gland; ovary 1.8 x 1 mm, 
nearly aoe in cross section from 4 vertical rows of oil glands. (New Guinea.) ..................:::0000- 18) C. papuana 

BB Not all floral organs tipped with a large oil gland... cette e cece eeecee cesses eesencnneceeeeeseneasesnesetseesensessenseseeeees C 

C Style less than % as long as ovary, which has 1 large oil gland at tip of each locule; ovary isomerous (5- 

locular); anther oil gland small, 0.1 mm diam. (Australia. ...............:::::scsceeeeceeteceeeeeeereceetens 14) C. brevistyla 

[Ovary hypomerous (2- or 3-locular); anther oil gland larger (0.2-0.25) mm diam.). (Moluccas: Halmahera 

DS Nata) ccs Se carcass ctor ease ar talons eit ss te eet ad ere ee a leas 14a) C. brevistyla var. halmaheirae] 

CC Style:more: than: as long as iO Vary sccooci si satik cx sas ie ssesin sd sce o taste tanya ches ta sects ata phases cabanas Suey axe eesVanetaes D 


D Leaves often very large, sometimes up to 1 m long, glabrous, 5-9-foliolate or more; leaflets sometimes 
very large, tisnailly 10-20 x 5-8 cm, dark green above and lighter pallid green below when dried, 
margins entire; flowers 4-merous. (Sumatra.) ............:0.ccc:csscscsseeccsseceseessessenseeeeseneasnens 5) C. heptaphylla 
[Leaves medium-sized, up to 50 cm long; leaflets serrate; fowers 5-merous. (Sumatra.) 

5a) C. heptaphylla var engleri) 
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DD Leaves not over 35-45 cm long..................- 
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E Leaves 5-7-foliolate; leaflets rather thick, very acute at the tip, inflorescences terminal, very short 
and narrow (8 x 3 cm); ovary thick, tuberculate; style very much shortened, jet black, glabrous. 
C. harmand 


(Java.) 


al hides tede lee eeu uaa: 7a) 


iana var. contracta 


EE Leaflets not thick; inflorescences if terminal not so short and narrow....................ssssssccsccssssssesesesees F 
F Ovary ah large, subglobose, nearly filling flower bud, at this stage showing almost no 


phore; i 


orescences very large and lax, 30-35 cm long, with slender branches; leaflets 7-9, 


measuring 12-16 x5-6.5 cm, strongly unequal-sided at base; pisti] with aald short “bred ea 


only 0.6-0.8 mm high, as ovary locules descend deeply into top of gynop i 
gee de Selecta faces ee ntact acters ace 11) C. 
ophore well developed........................sssscscsssessessessseoeeerscseeseees G 
2 large oil glands at tip of each locule; leaves 5-7 foliolate, leaflets 7.5 x 3 


Mindanao Island.)......................00 


FF Ovary not filling flower bud; 
G Ovary wi 


ore. (P 


aoe 


cm. (Philippines: Mindanao Island.) ................s.0:::csssssesessssesseceseesecenenseaee 12) C. todayensis 

GG Ovary with 1 ra oil gland at tip of each locule................ eee teeessesesseseessseceseeceseeseessesees H 
H Leaves 5-foliolate, very sparingly gray-pilose; pistil with well-developed gynophore, 

1-1.2 mm long. (Philippines: Luzon to Mindanao islands.)............ 9) C. anisum-olens 


HH Leaves 11-17-foliolate, densely and softly pubescent, as are all 


; pistil with 


parts 
short gynophore about 0.5 mm long. (Philippines: Luzon Island.) ........ 10) C. mollis 


KEY TO THE SPECIES AND VARIETIES OF CLAUSENA NATIVE TO AFRICA 


A Leaves with 5-9 leaflets; inflorescences axillary, not more than half as long as leaves....................-.sscecsseceseerecceeeeeeeee B 
B Leaflets very oblique, rhombic-ovate; flowers small, buds 2.5-3.5 mm diam. (Southeastern Africa; Natal, Pondo- 


land in Ca 


PROVINGC, )siciscicicossesdatcarcedevecenseraanaeationsie 


FE ee eee RPE ER or NPE nS SEINE Sr ene 16) C. inaequalis 


BB Leaflets oblique-lanceolate; flowers large, buds 3.5-4.5 mm diam. (Eastern Africa: Ethiopia, Tanzania, Malawi, 


Republic2oF Zambia.) :scctie sisectece css. cov seca eared sities ceocicesta teins soca f1S caeciesacechganty naasesyanae ie testaeeaeevtsteae 17) C. abyssinica 
AA Leaves with 17-32 leaflets; inflorescences more than half as long (usually much more than half as long) as leaves.......C 
C Leaflets with very short, dense pubescence, glabrous or glabrescent, acutely pointed at tip ......................-- D 


D Leaflets 17-21; branches not very slender. (Western Africa: Sierra Leone to Congo Valley.) 


15) C. anisata 


DD Leaflets 17-32; branches slender, almost sarmentose. (Western Africa: Angola.) 


15a) C. anisata var. multijuga 


CC Leaflets with long, soft pubescence, less acutely pointed. (Highlands in African equatorial belt from Cam- 
eroon hinterland to Tanzania coast.)............c:c0ssscccessccesceatescessseesesessncessensecseeescsseanses 15b) C. anisata var. mollis 


cm] high, pyramidal, branches spreading, alternate. 
Flowers 4-merous, shortly pediceled, 4% in. [4 mm] diam., 
white, buds globose. Petals oblong, glabrous. Ovary ovoid 
or elliptic, pen has stipitate, hairy or hirsute; style 
stout, about equaling the ovary. Fruit % in. [18 mm] 
diam., broadly oblong.” 

Burmann’'s original description of C. excavata 
(l.c.) covers the stamens, in translation, as follows: “Sta- 
minal filaments 8, subulate, shorter than the corolla, the 
inferior part dilated and thickened, hollowed out (‘exca- 
vata’)? within.” 

Guillaumin (1911, p. 661) described the stamens, 
in translation, as follows: “Stamens 8, one-third or a half 
shorter than the petals; filaments awl-shaped above, then 
suddenly dilated, concave and papillose at the base with a 
hump at the upper part; anthers oval, apiculate.” He also 
figured the stamens (1911, p. 664, fig. 70 [9-10]), show- 
ing the lower expanded and papillose part of the filament 
to be strongly curved outward and the upper slender, 
smooth portion to be even more strongly curved outward, 
almost into a semicircle. 

The gynoecium of this species, as studied from 
serial microtome sections, shows the following structure: 
pistil 3.2-4.2 mm long: gynophore very strongly devel- 
oped, completely glabrous, hourglass-shaped, usually with 


a basal annulus 1-1.2 mm diam., then contracted to 0.7- 
0.8- mm diam., then expanded into a more or less cupu- 
late top, 1-1.2 mm diam., embracing the base of the 
ovary, with edges often showing small oil glands; ovary 
cylindrical or conoid, usually strongly hirsute, 1S mm 
long, 1-1.2 mm wide, often with a few small oil glands 
where the style is attached; style cylindrical, not nar- 
rowed at point of attachment, but merging into the top 
of the ovary, glabrous, 1-1.2 mm long, 0.5-0.8 mm wide, 
stigma very short, flat-topped, only slightly wider than the 
style. (fig. 3-4, A-B.) 

This species is the type of the genus Clau- 
sena and has the widest distribution of any spe- 
cies, ranging through the East Indian Archipelago 
to southeastern Asia. As would be expected from 
its very wide range, the species has undergone 
many variations, until the forms from Sumatra 
and Taiwan do not at first sight seem to ce 
together in a single species. However, the pisti 
of this species is distinctive, and is much the 
same in all these forms and very different from 
that of the other species of the genus Clausena. 


2 The specific name excavata was no doubt employed by Burmann because of the hollowed out shape of the 


base of the filaments. 
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Fig. 3—4. Clausena. Pistils and flower buds of nine species. All except I taken from herbarium specimens; all 
but F from microtome sections. A-E, G-H, L-M, longitudinal sections; I-K, transverse sections; F, pistil showing gla- 
brous gynophore and calyx. All x 10.4. A, C. excavata, Tsang Wai Tak, Hainan, China, Herb. Univ. Calif., 315741; 
B, C. excavata, E. D. Merrill, Palawan, P.I., Herb. Bur. Sci., Manila, P.I., 1265; C, C. pentaphylla, J. F. Duthie, 
21613, Gonda Dun, western Himalaya, Herb. Arnold Arbor.; D, C. heptaphylla, R. N. Parker, 2599, Mergui, Burma, 
Herb. Univ. Calif., 320582; E, C. lansium, Dehra Dun, India, 158, Herb. Arnold Arbor.; F, C. lansium, Jael, 5861, 
Cienfuegos, Cuba, Herb. Arnold Arbor.; G, C. macrophylla, Maytharosik, India, Herb. Hort. Bot., Calcutta; H, C. 
abyssinica, A. Stolz, 882, Nyasa Hochland, East Africa, Herb. Bot. Gard., Breslau; I, C. lansium, U.S. Dept. Agric. 
Greenhouse, Washington, D.C.; K. C. indica, Dept. Agric. Peradeniya, Ceylon, Herb. Amold Arbor.; L, C. guillauminii, 
A. F. Kerr, 8782, Me Chan, Chien Sen, Thailand, Herb. Univ. Calif., 354694; M, C. laxiflora, Ramos and Edano, Mati, 
Mindanao, P.I., Herb. Bur. Sci., Manila, P.I., 48983. 
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Fig. 3-5. Clausena excavata. Compound leaf, fruit, and 
seeds. (Photo by W. P. Bitters. ) 


It has a rather full, smooth, hourglass-shaped 
gynophore supporting the more or less strongly 
hirsute ovary. The ovary tapers gradually into 
the thick style, which shows no constriction at 
its base as do the styles of many other species. 

Only one variety is here recognized, but 
it would be easy to designate three or four 
equally well characterized! 

la. Clausena excavata var. villosa Hook. f. 
Fl. Brit. Ind. 1:505. 1875. 

Type.—Burma, Rangoon (McLelland, No. 1854). 
Herb. Kew. 

Distribution — Upper Burma; also Thailand, Indo- 
China, Malaya, and rarely in Nepal (fide Tanaka, 1937, p. 
231). 

Whole plant clothed with soft spreading hair; 

petals hirsute. 


This hairy form is found near the north- 
central part of the range of the species. 

2. Clausena lansium (Lour.) Skeels, U.S. 
Dept. Agri. Bur. Pl. Ind. Bul. 168:3. 1909. 
Cookia punctata Sonner. Voy. Ind. Or. 2:231. 
1782; Quinaria lansium Lour. 1790; Cookia wam- 
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pi Blanco, Fl. Filip. ed. 1. 358. 1837; Clausena 
wampi Oliv. Jour. Linn. Soc. Bot. 5(2):34. 1861. 
Illus. Sonnerat, loc. cit. pls. 130, 139; Jacquin, PI. 
Rar. 1: pl. 101 (col.). 1797; Penzig, Studi Bot. 
Sugli Agrumi, Atl. pls. 15, 16. 1887; De Wilde- 
man, Icon. Sel. Hort. Then. 6: pl. 226. 1908; Mill 
Tsen, Yuan IJ, Hort. 2:596-97. 1936, 2 text cuts 
with 6 figs. of fruits and 6 of leaflets; fig. 3-4, 
E, F, I, and fig. 3-6 this work. 


Type.—China, Canton (Loureiro). Herb. Mus. 
Hist. Nat., Paris. 


Distribution—Native in southern China and 
Indo-China; widely cultivated in tropical and subtropical 
regions. 

Common name.—Wampee. 

Oliver (1861, p. 34) gave a Latin diagnosis of this 
species that, translated, reads as follows: “Tree or shrub; 
branches at first pubescent or puberulous; leaves 5-7-9- 
foliolate, 20-25 cm long; leaflets ovate-elliptic, lanceolate 
or ovate, with petiolules 2-6 mm, more or less oblique 
at the base, apex obtuse or subemarginate, sometimes 
almost mucronulate, slightly acuminate, margin undulate- 
crenate or slightly serrulate, becoming glabrous or gla- 
brescent, the midrib and veins often sparsely scabrous, 
glabrescent below; terminal leaflet often 6-10 cm long; 
Howers subsessile or shortly pedicellate, in many- 
flowered cymose panicles; calyx 5- (rarely 4-) merous, 
lobes triangular or ovate; stamens 10, alternate ones 
shorter, filaments dilated above the middle, flattened, 
subulate above, anthers oblong or elliptic, cordate- 
sagittate at base, with a dorsal a Ae ovary shortly stip- 
itate, glandular, very often 5-locular, ovules in pairs [in 
each locule], superposed, the upper one peltate o1. the side 
or toward the base, the lower one subpandalous: style 
very short, distinct, glabrous above, stigma 5-lobed, 
slightly wider than style; fruit usually with 5 locules, 5- 
ones or by abortion 1-seeded, or sterile, ovoid-globose, 
pubescent, 1 in. [25 mm] or less diam.; cotyledons fleshy, 
equal.” 


This species differs widely from all the 
other species of the genus, as has been noted 
on page 210. The wampee is a highly esteemed 
fruit tree in southern China, where sour, sub- 
acid, and sweet varieties are known. The white 
or yellow fruits are ovoid or subglobose, about 
the size of a pigeon’s egg, but varying in size 
and shape with the variety cultivated. The in- 
florescences are large panicles at the ends of the 
branches, so the fruits occur in rather openly- 
spaced clusters. In texture, the wampee fruit is 
much like a loquat and is a berry without a 
tough peel. An illustrated treatise in Chinese by 
Mill Tsen [Ts’éng Mien-chih, in Mandarin trans- 
literation] (1936) described in detail six varieties 
and figured the fruit and a leaflet of each variety. 
(Mill Tsen mentioned another variety [no. 6 be- 
low], which is not figured.) Table 3-1 shows the 
principal characters of the fruits of these Foo- 
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Fig. 3-6. Clausena lansium. Left, flowering branch. Center, compound leaf. Right, fruit clusters. 
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Table 3-1 
Fruit CHARACTERS OF FoOCHOW WAMPEE VARIETIES 
Name of Shape of Size of Fruits No. of Flavor of Season of 
Variety Fruit (mm) Seeds Fruits Ripening 
1. Niu shén (cow's kidney).......... Oblong-conoid 28x19 4-5 Sour Midseason 
2. Yiian chung (globular 
VALICCY) ses sesciciss soesssoencatest: Subglobose 21X23 5 Sweet-subacid Midseason 
(broader than 
long) 
3. Yeh shéng (wild-growing)........Conoid 14X14 2 Sour Late 
4, Suan tsao (sour jujube)............ Elliptic 30x21 4 Very sour (poor quality) Late 
5. Hsiao chi hsien (small 
chicken heart)...................... Ovate-acuminate 18X16 2orl Sweet-subacid Early 
6. Chi hsin (chicken heart)........... Same as no. 5 (?P) Larger than lorO Sweet (best flavor of all) Early (?) 
no. 5 
7. Kua pan (melon section).......... Ovoid or globular 24x21 2 Sweet-subacid Late 


chow varieties (the leaves vary almost as much 
as the fruits but are omitted from the table). 


According to Mill Tsen, Professor Wen 
Wén-kuang of Sun Yat-sen University at Canton, 
China, listed eight varieties of the wampee grown 
in Kwangtung Province. These varieties are not 
described in detail but are given long descriptive 
names such as “white-hairy-chicken-heart-sweet- 
wampee’; “long - chicken - heart - sour - wampee’; 
“yellow- hairy -chicken-heart-sour-wampee,’ etc. 

Although the wampee is only remotely 
related to Citrus, it can be grafted on a Citrus 
rootstock, and is thereby forced into early flower- 
ing and fruiting. The rough lemon can be grafted 
on the wampee and will grow for many years 
if a small branch of the wampee is allowed to 
grow just below the graft. Any desired Citrus 
fruit can be top-grafted on the rough lemon 
and may live for many years and may even be 
made to fruit. However, the graft union of the 
rough lemon on the wampee is poor and badly 
overgrown. Wampee on Citrus seems to make 
a much better and more permanent union. 


3. Clausena pentaphylla (Roxb.) DC. Prodr. 
1:538. 1824. Amyris pentaphylla Roxb. FI. Ind. 
2:247. 1832. Illus. fig. 3-4, C. 


Type.—British India, United Provinces, Cawn- 
pore, a living plant sent to Calcutta Bot. Gard. and grown 
there (Roxburgh). Herb. Brit. Mus., London. 

Distribution —India: western Himalayan region, 
from Garhwal to Sikkim, northern Uttar Pradesh and 
Oudh. 

Brandis (1906, p. 114) gave a condensed descrip- 
tion of the species as follows: “A strongly aromatic shrub, 
young shoots and_ inflorescences silkv-tomentose,  full- 
grown leaves pubescent. Leaflets 5 or 7, nearly opposite, 
4-6 in. [10-15 cm] long, secondary nerves prominent be- 
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neath. Flowers yellowish, in terminal panicles. Berry ver- 
rucose, pale ones %-14 in. [8-13 mm] long.” Duthie 
(1905, p. 138) in his Flora of the Upper Ganghetic Plain, 
a region where this is the only native species of Clausena, 
described it as follows: “A deciduous shrub; young parts 
silky-tomentose. Leaves large, 3-7-foliolate. Leaflets sub- 
opposite or alternate, 2-6 in. [5-15 cm] long, ovate or 
lanceolate, acuminate, entire, shortly stalked, softly tomen- 
tose beneath; main lateral nerves prominent. Flowers 4- 
merous, % in. [6 mm] across, yellowish, in erect terminal 
downy panicles. Sepals triangular, acute. Petals oblong, 
concave. Filaments short, broad. Berry % in. [13 mm] 
diam., ovoid, papillose, pale orange.” 

Good flowering material collected by J. F. Duthie 
in the western Himalayan region at Gonda Dun (No. 
21613, Herb. Arnold Arbor.) shows the following gyno- 
ecium characters: The pistil, 2-2.2 mm long, shows no 
sharp boundaries of disk, ovary, style, and stigma. The 3- 
or 4-locular ovary is 1-1.2 mm wide and 0.9-1 mm long, 
irregularly tuberculate and sparingly pilose; the style is 
cylindrical above, 0.35-0.45 mm wide, with no obvious 
stigma; below, it may be slightly contracted where it 
joins the top of the ovary, but very often it is swollen 
with rather large oil glands at or just above its junction 
with the tip of the ovary and in consequence may be 
nearly as wide as the ovary. The disk is most rik oes! 
usually as broad as the ovary but more or less lobed and 
even Gacite short processes each ending in an oil gland. 
The locules of the ovary run deeply into the disk, which 
in longitudinal section is not clearly separated from the 
base of the ovary. 

This species, remarkable for its deciduous 
foliage and shrubby habit, has even more re- 
markable pistils that depart widely in their char- 
acters from those of all other species of the 
genus. Its nearest analogue in gynophore mor- 
phology is the anomalous C. lenis, which has a 
more or less syncopated gynoecium (see p. 210). 

4, Clausena indica (Dalz.) Oliv. Jour. Linn. 
Soc. Bot. 5(2):36. 1861. Piptostylis indica Dalz. 
Hook. Jour. Bot. & Kew Gard. Mise. 3:33. 1851; 
Bergera nitida Thw. Enum. Pl. Zeyl. 46. 1858. 
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Illus. Dalzell, loc. cit. pl. 2; Engler, Die Nat. 
Pflanzenfam. 3(4):187, fig. 108, L-O. 1896; ibid. 
ed. 2. 19a:321, fig. 146, L—O. 1931; Talbot, Forest 
Fl. Bomb. Presid. 1:195, fig. 119. 1909; fig. 3-4, K 
this work. 

Type.—British India, Bombay Ghats, Kanara 
(Dalzell). Herb. Kew. 

Distribution.—India: western peninsula, Bombay 
Ghats to Anaimalai Hills, Madras State, eastern coast, 
Tranquebar; Ceylon. 

Hooker (1875, vol. 1, p. 505) gave a description 
that may be summarized as follows: “A glabrous shrub 
or small tree; leaves 9-11-foliolate, 4-10 in. [10-25 cm] 
long; petioles slender . .. glabrous or puberulous; leaflets 
polymorphous, very oblique oblong-ovate, elliptic or 
lanceolate, rarely almost rounded, tip rounded-obtuse and 
notched or acute or acuminate, margins crenulate, very 
dark with raised glands on both sides when dry; inflores- 
cence a peduncled panicle, corymbosely branched above ; 
flowers 14 in. [4 mm] diam., very shortly pediceled; 
ovary 2-5 celled, glabrous, papillose; ovules 2 in each 
cell; fruit % in. [13 mm] diam., globose, yellow, edible.” 
Talbot (1909) added a few details that can be condensed 
as follows: Leaflets subcoriaceous, 2-4 & 1-2 in. [5-10 X 
2.5-5 cm]; petiolules 4 in. [6 mm] long; petals broadly 
ovate; stamens with filaments broad, as long or longer 
than the versatile anthers; ovary usually 3-loculed; fruit 
pulpy, edible. Dalzell (1.c.) described and figured the style 
as much shorter than the ovary, thick, cylindrical, with the 
stigma scarcely wider than the style, which is not ex- 
panded at the base where it is situated in a depression at 
the tip of the ovary and wholly caducous. He described 
the flowers as 4- or 5-merous but did not sce any but 3- 
locular ovaries. 

Clausena indica is a shrub or small tree, 
2 to 2.3 m high, common in the evergreen rain 
forests of the Ghats of western peninsular India. 
In spite of its rather limited distribution, it shows 
great variation in the shape of the leaflets which 
differ greatly in outline, being “very oblique” in 
Ceylon, according to Trimen (1893, p. 221), but 
only slightly if at all oblique at the base in the 
type locality in the Bombay Ghats, as is shown 
by Dalzell’s careful drawing (and even more by 
his type specimen in the Kew herbarium) as well 
as by Talbot’s sketch. The ovary varies even more 
strikingly than the leaflets, having regularly three 
locules in the type locality, according to Dalzell 
(l. c.) and Talbot (1909), whereas in Ceylon it 
always has two locules, fide Dalzell (1. c.) and 
Trimen (1893, p. 221). A specimen from Ceylon 
sent by the Royal Botanic Garden at Peradeniya 
to the herbarium of the Arnold Arboretum (Tana- 
ka’s “Det. A-229”) has 2-, 3-, and 4-locular ovaries 
in the same inflorescence. Oliver and Hooker both 
found forms with 4- or 5-locular ovaries. 

As this species bears edible fruits, it should 
be hybridized, if possible, with the Chinese wam- 
pee and with other species that yield edible fruits. 
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5. Clausena heptaphylla (Roxb.) Wt. & 
Arn. Prodr. 96. 1834; and in Wall. Cat. 8508. 1848. 
Amyris heptaphylla Roxb. Fl. Ind. 2:248. 1832; 
Clausena forbesii Engl. 1896. Illus. Guillaumin, 
in Lecomte, Fl. Gén. Indo-Chine 1:664, fig. 70 
(11-12). 1911; Tillson & Bamford, Amer. Jour. 
Bot. 25:782, fig. 14. 1938; fig. 3-4, D this work. 

Type.—British India, “about Calcutta” (Rox- 
burgh). Herb. Brit. Mus., London. 


Distribution.—_India, Burma, Thailand, North 
Vietnam, South Vietnam, Laos, Cambodia and Sumatra 
(also Java, fide Tanaka). 





The description of this species given by Guillau- 
min (1911, p. 662) reads, translated, as follows: “A shrub; 
leaves 30-50 cm long; leaflets 7-11, unequal-sided at base 
(except the aninal one), membranaceous, rigid, long- 
oval or lanceolate, 4.5-16 x 2.5-7 cm, acute at base, acu- 
minate at apex, entire, glabrous except the midrib on the 
under surface, with 6-7 pairs of lateral veins which are 
raised on the under surface; petioles cylindrical, with very 
short pubescence, glandular. Inflorescences terminal, pan- 
iculate, pyramidal, shorter than the leaves, with alternate, 
slightly and shortly pubescent branches; pedicels very 
short with 2 basal, shortly pubescent bracts articulated 
at the very base. Sepals 4, triangular, 1 mm long with 
ciliate margins. Petals 4, obovate, glabrous but papillose, 
twice as long as the sepals. Stamens 10, slightly shorter 
than the petals; filaments filiform at base then abruptly 
dilated below the anther; anthers attached dorsally alon 
the middle, almost rhombohedral, without horns. Disk 
very short, glabrous. Ovary cylindric, quadrangular, gla- 
brous, as long as the stamens, 4-locular, each with 2 super- 
imposed ovules; style cylindrical, as long as the ovary. 
Fruit ovoid, 2 x 1 cm, very glandular, with 1 or 2 
seeds.” 

Hooker (1875, vol. 1, p. 504), who described the 
species from material from a wide range of localities, 
noted that it is a “branching bush, smelling strongly of 
aniseed... . Leaves 6-16 in. [15-40 cm long] . . . leaflets 
sometimes 8 in. [20 cm long] . . . membranous, ovate or 
lanceolate, acuminate, very obscurely crenulate, pale be- 
neath, nerves and costa slender. . . . Flowers 4 in. [6 
mm] diam., pedicels slender, buds “asia yellow-white. 
... Berry 4 in. [12 mm] long, oblong, white-reddish or 
pale yellow, glandular.” 


Engler (1931, p. 321) mentioned in his 
notes on Clausena: “C. forbesii [from Sumatra] 
with leaves nearly one meter long, having eight 
paired leaflets,” the longest leaves yet reported 
in the genus. Probably it is merely an unusu- 
ally vigorous growing form of this polymorphic 
species. 

This species, in spite of its abundance, 
needs renewed study to determine its limits of 
distribution in the East Indian Archipelago. 
Tanaka (1937, p. 231) even reported it from 
the Sunda Islands and Timor. It has not been 
reported from Ceylon or from Borneo or the 
Philippines. 
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5a. Clausena heptaphylla var. engleri 
(Tan.) Swing. Jour. Wash. Acad. Sci. 32:26. 1942. 
Clausena engleri Tan. Med. Rijks Herb. Leiden 
69:6. 1931; (?) C. platyphylla Merr. Pap. Mich. 
Acad. Sci. 23:182. 1938. 

Type.—Sumatra (Lérzing, No. 6825). Rijks Herb., 
Leiden. 

Distribution—Known only from Sumatra. 

Tanaka’s original description reads, translated, as 
follows: “A robust plant; rachis of leaf 36 cm long, 7- 
foliolate; leaflets ovate, acuminate-caudate, pointed at the 
base, with conspicuous veins, when dry chartaceous, very 
green on the upper surface, pallid below, margins serrate, 
veins rufescent, with very short petiolules, entirely gla- 
brous. Inflorescence terminal, 28 cm long, branched into 
many-flowered panicles. Flowers small, 5-merous, short- 

dicellate. Calyx thin, scutellate, with triangular pilose 
obes having ciliate margins. Petals 5, caducous. Stamens 
10, filaments dilated, anthers large. Ovary cylindrical, 
pilose; style linear, straight or curved, stigma somewhat 
capitate. 

Tanaka, in his remarks following the Latin 
description, stated that this plant resembles the 
robust form of C. heptaphylla, but the latter has 
4-merous flowers, glabrous ovary, and entire leaf- 
lets.” The photograph of Tanaka's type specimen 
shows it to have large leaflets, 11 to 19 by 5 
to 8 cm, at the apex, cuneate and only slightly 
unequal-sided at the base, with 10 to 12 pairs 
of lateral veins. C. platyphylla, recently described 
as a new species from Asahan in northeastern 
Sumatra, seems likely to prove to be a synonym 
of C. heptaphylla var. engleri once a compara- 
tive study is made of the type specimens of these 
two plants. Both of them have leaflets of about 
the same size, of similar shape, with the same 
number of lateral veins, and even share the pecu- 
liarity of the dried leaves being dark, shining 
green above and much lighter, pallid green be- 
low. The ovary of var. engleri is pilose, whereas 
that of C. platyphylla shows scattered pubes- 
cence; the ovary of the species C. heptaphylla is 
glabrous. 


6. Clausena dentata (Willd.) Roem. Syn. 
Hesper. 44. 1846. Amyris dentata Willd. Sp. PI. 
2:337. 1799, Clausena willdenowii Wt. & Arn. 
1834. Illus. Wight, Icon. PI. Ind. Or. 1: pl. 14/339. 
1838; Beddome, Fl. Sylv. Anal. Gen. pl. 7. 1871. 

Type.—British India (Willdenow, No. 7293). 
Herb. Bot. Mus., Berlin-Dahlem. 

Distribution —Ceylon; India: western peninsula, 
eastern Himalayan region, Sikkim to northwestem Burma; 
Thailand; southwestern China. 

This species was described by Hooker fils (1875, 
vol. 1, p. 506), with some transpositions, as follows: “A 
large shrub, glabrous or... pubescent: branchlets slen- 
der. Leaves 5-13-foliolate, 6-16 in. [15-40 cm] long; 
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petiole slender, terete; leaflets 1-2 in. [2.5-5 cm] long, 
oblique, oblong-ovate or ovate-lanceolate, obtuse, acute 
or obtusely caudate-acuminate, crenulate, membranous. 
Racemes slender, axillary, 3-10 in. [7.5-25 cm] long, 
branches or pedicels divaricating. Flowers fragrant, usually 
4-merous, 144 in. [8 mm] diam., whitish; buds globose. 
Petals oblong, concave, glandular, ovary stipitate, 4-angled 
or grooved, glabrous, ovules 2, superimposed in each cell; 
style short, thick. Fruit globose, from the size of a pea to 
a cherry, whitish-green, pellucid.” 

A specimen from southern India, Madras State, 
Hosur Taluk (coll. by Mrs. Kanoth Yeshoda; now in Herb. 
Arnold Arbor.), shows the restored flowers in serial 
microtome sections to have the following characters: 
pistil, 3.5 mm long; gynophore short, 0.5-0.6 mm long, 
narrowed to 0.7 mm just below the flatly rounded, nearly 
truncate ovary base; ovary subglobose, 1.3-1.4 mm long, 
1.2-1.3 mm wide, tip abruptly rounded with a slight de- 
pression in which the cea cylindrical style is attached; 
style 1.5 mm long, 0.3-0.4 mm wide, stigma short, 
cushion-like, 0.5 mm wide. Cross sections show 4-locular 
ovary with a very short process at the tip of each locule 
but with no large oil gland. The pedices of the flowers 
are unusually long (4-6 mm) and slender, with small 
bracts at the base. 


This species, like C. suffruticosa and the 
three African species, C. abyssinica, C. anisata, 
and C. inaequalis, has axillary flower clusters, not 
terminal panicles as in most of the other species. 
The long pedicels of the flowers are unusual in 
Clausena. 


6a. Clausena dentata var. pubescens (Wt. 
& Arn.) Tan. Jour. Bot. Brit & For. 68:227. 1930. 
Clausena pubescens Wt. & Arn. Prodr. 1:96. 1834; 
C. willdenowii var. pubescens (Wt. & Arn.) Hook. 
f. Fl. Brit. Ind. 1:506. 1875. 

Type.—Ceylon (Wight, No. 328b). Herb. Glas- 
gow Univ. 

Distribution.—Ceylon; India: Mysore State. 

Tanaka (1930b, p. 227) described this variety, in 
translation, as follows: “Leaves, inflorescences, and pet- 
ioles densely villose. Fruits globose, rather small.” 

Tanaka (1937, p. 230) stated that this vari- 
ety is very rare in Mysore and Ceylon. 

6b. Clausena dentata var. longipes (Craib) 
Tan. Bul. Soc. Bot. France 75:709. 1928. Clausena 
longipes Craib, Kew. Bul. Misc. Inform. 1926:340. 


1926. 

Type.—Mé Lan, Mé Hawng Sawa, Thailand, 
700 m altitude, on limestone rock (Kerr, No. 5486-A). 
Herb. Kew. 

Distribution.—Thailand and upper Burma. 

Differs from the species in having (1) very slen- 
der, few-flowered inflorescences ending in long, slender 
pedicels, 5-15 x 0.2-0.3 mm; (2) slender (1.7-2 X 1 mm) 
ovaries that merge gradually into the rather long style 
(2.5-3 x 0.6-0.7 mm); (3) no oil gland at the tip of each 
of the 4 locules of the ovary; (4) very narrow radial locule 
walls, not swollen where they cross to make an axial 
pillar; and (5) few tannin cells in the periphery of the 
ovary and none in the axis. 
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This variety appears at first sight to be 
specifically distinct from C. dentata, but some 
of the material of the species from southern India 
shows very slender inflorescences and almost 
equal-sided leaflets very like those of var. longipes. 
Craib (1926, p. 234) considered this plant to be 
related to C. dentata and to C. suffruticosa. 


6c. Clausena dentata var. dulcis (Bedd.) 
Swing. Jour. Wash. Acad. Sci. 28:532. 1938. 
Cookia dulcis Bedd. Madras Jour. Lit. Sci. 2 ser. 
22:73. 1861. Clausena willdenowii var. dulcis 
Bedd. Fl. Sylv. 44. 1871. | 

Type.—British India, Madras Presidency, Anai- 
malai Hills (Beddome). Herb. Kew. 

Distribution—India: Anaimalai Hills south to 
Travancore. 

Common name.—Indian wampee. 

Beddome (1861, p. 73) described his new oe 
in general terms as follows: “A tree with a delicious 
fruit not uncommon on the Anamallays up to 3,000 feet 
both in the moist woods and in the drier forests—it 
flowers in April and the fruit begins to ripen at the end of 
June—the fruit is more grateful to the taste than that of 
the Whampee (Cookia punctata). The tree is well known 
to the hill tribes and called ‘Mor Koorangee.’ I have often 
met Kaders carrying home on their backs basket loads of 
this and the fruit of Pierardia sapida, which is also abun- 
dant in these jungles.” He also noted that the “fruits are 
globose, size of a large cherry.” Beddome in a later pub- 
lication (1871, p. 44) stated: “This is a tree 30 feet high, 
with a trunk several feet in girth, bearing a very delicious 
fruit as large as a large cherry, as succulent as a grape, 
and somewhat of the flavour of the black currant . . . it is 
abundant about Toonacodava (elevation 2,000-3,000 ft.), 
both in the moist and dry forests, and is in fruit from 
June till August; specimens in flower were sent to Prof. 
Oliver, who pronounces it only a form of [Clausena] 
Willdenowii [=C. dentata], so I will not attempt to 
separate it, but I believe it quite a distinct species. . . . in 
comparison with true C. Willdenowii it has leaves that 
are more membranaceous, highly odoriferous, more promi- 
nently dotted, and very erose toward the apex.” 

This variety is not as yet clearly distin- 
guished from the species, and most taxonomists 
have not recognized it as valid. It should be 
noted, however, that investigations by Rao and 
Subramaniam (1935) have shown that the two 
forms of C. willdenowii [= C. dentata] growing 
in southern peninsular India (Madras State) differ 
strikingly in the composition of the volatile oil 
in the leaves. Oil from the leaves of one form 
was shown to consist of a-, B-, and di-a-clausenan 
belonging to the furfural group, of which the 
major constituent was a-clausenan. Oil from 
leaves from a different locality was found to con- 
tain not a-clausenan but y-clausenan, an isomeric 
substance. 

Abundant good herbarium specimens from 
Madras State, lent to Swingle with other material 
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of Clausena by the Director of the Royal Botanic 
Gardens at Kew, show a decided variation in 
the shape of the ovary and in the relative length 
of the style. A specimen collected by J. S. Gamble 
(No. 16420, July, 1885, the Chingleput district of 
Madras State) shows abundant flowers with a 
slender, often conical ovary, 1 to 1.2 mm long 
and 0.6 to 0.7 mm wide, merging into a cylin- 
drical style distinctly longer, 1.2 to 1.8 mm (all 
measured dry). Another specimen collected by 
Gamble (No. 16190, Barliyar, Nilgiris, at alt. 
3,000 ft. [915 m], May, 1885) shows equally abun- 
dant flowers with a more or less cubical, 4-angled 
ovary about 1 by 1 by 1 mm with a prominent 
oil gland at the tip of each of the four locules. 
The cylindrical style does not merge into the tip 
of the ovary but is inserted between the four 
prominent oil glands; it is only slightly longer 
than the ovary, 1.1 to 1.2 mm when . Another 
specimen, Wight’s No. 354 (collected at Courtal- 
lem [Kattalan], July, 1835), has more or less 
cubical, 4-angled ovaries with the style distinctly 
longer, about 1.5 mm when dry. 

Evidently careful research is needed to 
distinguish the forms of this and possibly other 
varieties from the species. As var. dulcis is of 
economic importance, it is to be hoped that its 
taxonomic status can be settled soon. 

Other observers agree with Beddome con- 
cerning the delicious character of the fruit of this 
variety growing in the western part of Madras 
State. Thomas A. Bourdillon (1908, pp. 67, 68), 
for more than thirty years Conservator of Forests 
in the former native state of Travancore, stated: 
“I agree with Beddome that the fruit, which very 
much resembles a grape, is very delicious, and is 
well worthy of attention.” He found it “common 
in the evergreen forests of Travancore at an alti- 
tude of 1,000—4,000 ft. [305—-1,220 m] where the 
rainfall is light. It is a small tree, 30 ft. [9.14 m] 
high and 9 in. [23 cm] in diameter, that is leafless 
in March, flowers in April and fruits in May and 

une. 

J. S. Gamble, in his Flora of the Presi- 
dency of Madras (1915, p. 155), referring to C. 
willdenowii [= C. dentata], probably in large 
part this var. dulcis, stated: “A small tree with 
glabrous or pubescent leaves, black bark and 
white, close-grained wood. The fruit is good and 
worth cultivation!” 

6d. Clausena dentata var. dunniana (Lév.) 
Swing. Jour. Wash. Acad. Sci. 30:82 1940. Clau- 
sena dunniana Lév. in Fedde, Repert Sp. Nov. 
11:67. 1911. 
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Type.—China, Kweichow Province, Pin-fa (Cava- 
lerie, No. 1072). Herb. Univ. Edinburgh. 


Distribution.—China: Kweichow Province. 


Leaves 5-11-foliolate; leaflets elliptical, bluntly 
pointed at apex, 5-10 x 2.5-3.5 cm, very blunt (almost 
truncate) at base, more or less unequal-sided, inconspicu- 
ously crenulate; petiolules unusually long (3-7 mm); in- 
florescences axillary, slender; flower buds globose, small, 2 
mm diam.; petals glabrous; pistil 2.5 mm long, glabrous; 
gynophore 0.8 mm long, 0.6 mm wide; ovary tuberculate, 
1 xX 1 cm, with 1 or 2 small or medium-sized oil glands 
in a tubercule that tips each locule; style cylindric, 0.8- 
0.9 X 0.5 mm, narrowed at base; fruits subglobose or 
short-ovoid, 7-8 x 6-7 mm, black. 


Little is known about this shrubby variety 
that grows at altitudes of from 200 to 1,200 m. It 
may ale to be a good species as yet inade- 
quately described. The oil glands in the apical 
tubercles of each locule of the ovary are somewhat 
like those of C. dentata, although usually only one 
medium-sized oil gland is found in the species. 
For the present we are considering this Chinese 
plant as a variety of C. dentata, which also has 
axillary inflorescences. 


6e. Clausena dentata var. robusta Tan. 
Jour. Bot. Brit. & For. 68:228. 1930. 


Type.—China, Yunnan Province, Szemao;_alti- 
tude 1,372 m (Henry, No. 13028). Herb. Kew. 


Distribution.—China: Yunnan Province. 


Tanaka’s original description reads, in translation, 
as follows: “A vigorous plant, leaflets large, broadly oval, 
unequal-sided rather thick. Inflorescences suberect, ro- 
bust. Berry globose, pustulate-punctate.” 


Tanaka cited two numbers as types: Henry, Nos. 
11914D and 13032, both in the herbarium at Kew. The 
senior author could find only No. 11914D, which consists 
of the tip of a fruiting branch with a single leaf and 4 
axillary inflorescences, 12-18 x 3.5-4.5 cm. The leaflets 
are 8.5-9 X 3-3.8 cm and are acuminate; the berries are 
subglobose, 7-8 mm diam., borne on a twig 5-7 mm 
diam., with elongate heart-shaped leaf scars, 6 X 3 mm. 
Another shect in the Kew Herbarium is Henry’s No. 
13028, also from Szemao, with flowering twigs with 11 
foliolate leaves, 32-37 x 12-14 cm; lateral leaflets 5.5- 
9 x 3.5-4.5 cm, terminal 10 * 5 cm; inflorescences 12- 
14 x 2.5-3 cm; flower buds globose or obovoid, 2.5 mm 
long, 2.5-3 mm wide; pistil glabrous, 3 mm long; gyno- 
phore 0.7-0.8 x 0.5 mm; ovary tuberculate, 0.7-0.8 mm 
wide; style cylindric, 1.5 x 0.6 mm, stigma depressed, 
slightly wider than the style. The leaflets are widely 
sper on the rachis (2-4 cm) like those of C. dentata var. 

unniana, from which var. robusta is not adequately sepa- 
rated by the brief original description. 

6f. Clausena dentata var. henryi Swing. 
Jour. Wash. Acad. Sci. 30:81. 19.10. 

Type.—China, Hupch Province, Ichang (Henry, 
No. 4122). Cotype: Ichang (Henry, No. 3127), Both in 
Herb. Kew. 


Distribution.—China: known only from western 
Hupeh and Yunnan(?) provinces. 
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Differs from C. dentata var. robusta Tan., from 
Yunnan, in having hirsute petals, ovate black fruits, and 
more densely hirsute young leaves. A small tree, 2-6 m 
high; leaves persistent, 25-35 cm long, 13-17-foliolate; 
leaflets lanceolate, acuminate at tip, blunt at base, which 
is often strong (and always somewhat) unequal-sided, 5- 
12 x 2-4.5 cm; largest leaflets often laterals, attached 
near upper third of rachis; rachis, midribs, veins, and 
whole surface of young leaflets pubescent, but leaflets gla- 
brescent above; inflorescences axillary, sometimes short, 
8-10 cm, often longer, 20-25 x 4-6 cm, pubescent when 
young but soon glabrescent; fruits black when ripe, ovoid, 
9-12 x 6-8 mm. 

The fruits of var. henryi are considered 
edible in central China, according to Rehder and 
Wilson (1914, p. 140). It has been thought by 
some botanists that this plant is sometimes culti- 
vated in Hupeh Province. It should be intro- 
duced into culture in other regions and hybrid- 


ized with species that produce edible fruits. 


7. Clausena harmandiana (Pierre) Guill. in 
Lecomte, Not. Syst. 1:219. 1910. Glycosmis har- 
mandiana Pierre, Flore Forest. Cochinch. 4(18): 
text to pl. 285. 1893. Illus. Guillaumin, in Le- 
comte, Fl. Gén. Indo-Chine 1:664, fig. 70 (4-5). 
1911. 

Type.—French Indo-China, Cambodia (Har- 
mand, No. 3875). Herb. Mus. Hist. Nat., Paris. 

Distribution.—Cambodia and Laos. According to 
Tanaka (1937), it was collected once at Margui, Burma. 

The original description by Pierre reads, trans- 
lated, as follows: “Branches rounded, pubescent. Leaves 
imparipinnate, with 6-9 opposite or alternate leaflets, 
which are subdeltoid, ovate-acuminate, obtuse at both 
ends, 5-14 cm long, 5-8 cm wide, submembranous, coria- 
ceous, with 7-8 pairs of small lateral veins. Inflorescences 
terminal, pubescent, 10-20 cm long, much branched with 
rather large (5-6 mm diam.), sessile flowers. Sepals 1 mm 
long, very coriaceous, pubescent on the outside and cili- 
ate. Petals 3.5-4 mm long, very concave, obovate, vein- 
less, red spotted. Stamens 7-10, 2.5 mm long, with the 
filaments flattened below and subulate above, longer than 
the anther, which is oval and without an ial gland. 
Disk cupuliform. Ovary 2.5 mm long, with 5 locules, each 
carrying on the outside 2 large glands. Ovules 2 in each 
locule.” 


The description of the disk by Pierre as 
cupulate is difficult to credit. A photograph of 
the flowering type specimen (Harman, No. 3875) 
in the Paris herbarium, placed at Swingle’s dis- 
posal by Tanaka, led him to think that Pierre 
mistook a ring of small bracts at the base of the 
very short pedicel (only about 1 mm long) for 
the calyx and the calyx itself for the disk! The 
length of the flower from the base of the calyx 
to the stigma measures about 3 mm, the calyx is 
Hattened-rotate, about 2 to 2.5 mm wide, taper- 
ing rapidly into a very short pedicel about 1 mm 
long (including the bluntly conical base of the 
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calyx); at the base of the pedicel are several 
small bracts and sometimes one or two small 
flower buds which may seh later, or more 
often abort and fall off. These bracts and buds 
are borne on a slender terminal branchlet of the 
inflorescence 3.5 to 8 mm long. The ovary is 
subglobose or broadly oval, about 1.2 to 1.5 mm 
long and 1 mm wide; the style is cylindrical, 
0.4 to 0.5 mm long and 0.2 to 0.3 mm wide, not 
contracted at the base where it joins the ovary 
tip. The gynophore is shorter than in most species 
of Clausena, but seems to be otherwise normal. 


7a. Clausena harmandiana var. contracta 
Tan. Med. Rijks Herb. Leiden 69:7. 1931. 

Type.—Java (Horsfield). Herb. Kew. 

Distribution—Known only from Java. 


The type specimen of this variety has 5-7 leaflets 
varying in size, the lower ones 3-4 X 2-2.5 cm, the larger 
laterals 7-9 X 3-3.5 cm and the terminal one 10 x 4 cm, 
all nearly equal-sided, broad-elliptical, blunt at both ends, 
all parts cukesent. even the upper surface of the leaflets 
slightly so; inflorescences terminal, very short, 8 X 3 cm; 
flower buds globose, 2 mm diam., yellowish to reddish- 
brown when dry; petals without large oil glands at tips; 
gynophore 1 mm long; ovary 1 mm long, 1.5 mm wide, 
jet black, glabrous; style 0.5 mm long, glabrous, black. 

Another specimen in the herbarium at Kew, iden- 
tified by Tanaka as this variety (coll. by Zollinger, second 
Java yoyaee: No. 2878), has more glabrous leaves; ovary 
jet black, very prominently tuberculate; gynophore sub- 
cylindric, abruptly expanding into the ovary base; style 
0.6 mm long, 0.5 mm wide, stigma depressed-capitate, 0.7 
mm wide. 

This variety is apparently known only from 
these two specimens and is not well understood. 


Tanaka (1931b) stated that it resembles some- 
what C. dentata var. robusta of China, but differs 
in having terminal, not axillary, short inflores- 
cences and in having a shorter style and a thicker 
ovary. 


8. Clausena macrophylla Hook. f., Fl. Brit. 
Ind. 1:504. 1875. Clausena heptaphylla var. (?) 
pubescens Oliv. Jour. Linn. Soc. Bot. 5(2):30. 
1861; C. hirta Ridl., pro parte (?). 1920. Illus. 
fig. 3-4, G. 

Type.—Burma, Trogla, banks of Saluen River 
(Wallich, No. 6367). Herb. Kew. 

Distribution Burma; Thailand: Phuket, Tasan; 
Malay Peninsula. 

Hooker (1875, vol. 1, p. 504) described this spe- 
cies, with some transpositions, as follows: “Branchlets as 
thick as a goose quill and, as well as the petiole and 
panicle, clothed with a soft, spreading, close-set velvety 
tomentum. Leaves 5-foliolate, 1 ft. [30 cm] long, leaflets 
5-7 in. (12.5-17.5 cm] long, equal or suboblique with 
very short petiolules, acuminate, obscurely toothed, small, 
rather distant teeth, pale on both surfaces, tomentose be- 
neath, nerves strongly arched, midrib stout, common pceti- 
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ole stout, terete. Panicle stout, erect, with the peduncle 
1 ft. [30 cm] long; branches strict, erecto-patent, sec- 
ondary branches short. Flowers glabrous, crowded, \4o in. 
[2.5 mm] diam., shortly pediceled, buds globose. Calyx 
lobes 4, minute, rounded-acute. Petals broadly oblong, 
concave, membranous, covered with large glands. Sta- 
mens equal; filaments much dilated below, very short; 
anthers lage. oblong. Ovary stipitate, glabrous, 4-lobed, 
tuberculed with very large glands; ovules 2, collateral in 
each cell; style as long as the ovary and as broad as the 
stigma. Fruit immature, oblong, tip obscurely 4-angled 
and truncate.” 


Ridley mentioned in his description of 
C. hirta that the leaflets are “thickly covered with 
translucent glands and dotted over with larger, 
sparser dark brown ones.” This description re- 
calls the dimorphic oil glands of C. guillauminii 
and makes it very desirable to reexamine all 
material of C. hirta to see if any confusion has 
arisen with C. guillauminii, a species which also 
occurs in Thailand. 


9, Clausena anisum-olens (Bl.) Merr. Phil. 
Gov. Lab. Bur. Bul. 17:21. 1904. Cookia anisum- 
olens Blanco, Fl. Filip. 359. 1837; Clausena war- 
burgii Perk. Frag. Fl. Phil. 162. 1905; C. loheri 


Merr. Phil. Jour. Sci. 27:27. 1925. 


Type.—Lacking. Substitute type: Rizal Province, 
Luzon, P.I. (Merrill, Species Blancoanae, No. 1012). Herb. 
Bur. Sci., Manila. 

Distribution.—Philippine Islands: Luzon, Mas- 
bate, Basilan, Mindanao islands. 

Perkins (l.c.) has drawn up the only full descrip- 
tion of this species yet published. It reads, translated, as 
follows: “Shrub or tree, with glabrous . . . twigs 5 mm 
thick; leaves 15-30 cm long, 2-paired . . . very sparsely 
gray-pilose; leaflets ovate, or peice ohiing or ovate- 
lanceolate, 6.5-10 cm long, 2.5-3 cm wide, apex long, 
narrowly acuminate, the apex itself obtuse or often sub- 
incised, base oblique, papyraceous, glabrous, veins and 
veinlets sparsely pilose . . . lateral veins 8-12 [pairs], 
veins and veinlets indistinct above, prominent below. 
Inflorescences terminal, paniculate, 18-22 cm_ long, 
branchlets numerous, sparsely pilose, spreading, bractlets 
ovate, sparsely pilose; Rowers 8 mm diam., with pedicels 
5-8 mm long; calyx 5-merous with short lobes . . . ovate- 
acuminate, very sparsely pilose without; 1 mm _ long; 
‘gad with lobes .. . 5 mm long, 2 mm wide, ovate, mem- 

ranaceous, glabrous on both sides; stamens 9, as long 
as the petals, filaments jointed (geniculate) near the mid- 
dle, the joint pubescent; disk small, smooth, ovary ane 
tate, glabrous, 5-locular, 1 mm diam.,; style as long as the 
ovary, stigma sessile, 5-lobed.” 

Serial microtome sections of the pistil of a speci- 
men in the Bureau of Science Herbarium at Manila (coll. 
by E. D. Merrill, No. 2509, Bur. of Agric., at Lamao 
River) show the following characters: Pistils 5-locular, 
each locule ending in a short process, bearing at the end 
a rather large oil gland; ovary broad-oval, about 1.5 mm 
long, 1-1.2 mm wide; style strongly contracted at base, 
which is inserted into a cavity at the tip of the ovary, 
the rest of ithe style unusually broad, duseal A 0.8-1 mm 
wide; the gynophore is long and not abruptly narrowed, 
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about 1-1.2 mm long, 0.7-0.8 mm wide at the narrowest 
place, and about 1 mm at the base and the top. 

This species is confined to the main 
islands of the Philippines. It has geniculate stami- 
nal filaments, bent at an angle near the middle, 
slender above the bend and broader below, re- 
sembling somewhat the filaments of C. excavata, 
but it is much less bent and much less zwollen 
below the bend. 

It is related to C. laxiflora of Mindanao 
Island, Philippines, but shows important differ- 
ences in the characters of the pistil and the in- 
florescences. 

10. Clausena mollis Merr. Phil. Jour. Sci. 
Bot. 5:181. 1910. 


Type.—Philippines, Luzon Island, near Bontoc, 
at 915-1,220 m altitude (Curran, For. Bur., No. 16530). 
Herb. Bur. Sci., Manila. 

Distribution.—Philippines: known only from Lu- 
zon Island. 

Merrill's original short ag ena translated and 
supplemented with data from the longer description (in 
brackets), reads as follows: “A shrub about 5 m high, all 
eat densely and softly pubescent; leaves 20-30 cm long; 
ceaflets alternate or subalternate, 5-8 on cach side, mar- 
gins entire, base strongly inequilateral, apex shortly acum- 
inate or... blunt, [lateral veins about 8 on each side of 
the midrib). Panicles subterminal, narrowly pyramidal, 
Howers 5-merous, sessile or subsessile, subglomerate [on 
the ultimate branches]... Sepals broadly ovate, 1.2 mm 
long, free, densely pubescent outside. Petals elliptic or 
broadly elliptic-oblong, concave, about 4 mm long, 2.5 
mm wide, acute at both ends, imbricate, with few, rather 
large glands, the back in the wee third slightly pubes- 
cent, Stamens 10, the filaments broad, abruptly narrowed 
just below the insertion of the withers: about 1 mm long, 
anthers 2 mm long. Ovary ovoid or ellipsoid, about 1.5 
mm long, glabrous, prominently 5-sulcate, 5-celled, cach 
cell with two superimposed ovules; style 1 mm Jong and 
anthers 2 mm long. Ovary ovoid or ellipsoid, about 1.5 
mm long, glabrous, prominently 5-sulcate, 5-celled, each 
cell with two superimposed ovules; style 1 mm long and 
thick [5-sulcate]. Fruits globose, white or greenish-white, 
l-seeded. [Seeds about 5 mm diam., surrounded by a 
gelatinous pulp, with a strong odor and taste of pine 
pitch. ]” 

This species is doubtless related to C. 
anisum-olens but differs from it, not only in 
being densely soft-woolly all over (except the 
petals and the flower parts they enclose), but 
also in having pistils with a rather short gyno- 

hore (somewhat like that of C. laxiflora), The 

laments of the stamens are abruptly expanded 
from the middle down, and somewhat geniculate 
where the slender apical portion joins the ex- 
panded base. Each locule of the ovary is capped 
by a single large oil gland. The lowe ‘ring twigs 
of this species are often unusually thick; a speci- 
men collected by Ramos and Edano (Bur. Sci., 


No. 7876), at Mount Masapilid, Bontoc Piece: 


Google 


THE CITRUS INDUSTRY 


Luzon Island, in March, 1920, now in the herbar- 
ium of the Arnold Arboretum, has twigs 5 to 7 
mm in diameter, with reddish-brown pith 2.5 to 
3 mm in diameter. 

11. Clausena laxiflora Quis. & Merr. Phil. 


Jour. Sci. 37:154. 1928. Illus. fig. 3-4, M. 


Type.—Philippines, Mindanao Island, Davao 
Province, Mati (Ramos and Edano, Bur. Sci., No. 48983). 
Herb. Univ. Calif., Berkeley. 

Distribution Known only from the type locality. 

Merrill's original diagnosis, translated with addi- 
tions from his longer English description (enclosed in 
brackets), reads as follows: “A shrub 3-4 m high, scarcely 
aromatic, glabrous, or aie glabrous. Leaves [26-] 39 
cm long, Leaflets 7-9, membranaceous, up to 16 cm long 
and 6.5 cm wide, ovate, elliptic, strongly inequilateral [at 
the basel, obtusely [acuminate]. Inflorescences lax, 30- 
35 cm long, slightly pubescent. Flowers 5-merous, about 
5 mm diam. [Calyx shallow, 1.5 mm in diameter, 5- 
lobed, the lobes broadly ovate, acute, glabrous, margins 
sparsely and minutely puberulent. Petals 5, imbricate, ob- 
long, obtuse, 3.75 to 4 mm long, 2 to 2.5 mm wide, gland- 
ular, glabrous. Stamens 10, about 3 mm long; anthers ob- 
long, apiculate, about 1.5 mm long; filaments somewhat 
enlarged below. Ovary globose, glabrous.]” 

This species, so far found only on Minda- 
nao Island, P.I., is obviously related to C. anisum- 
olens, a species distributed in the Philippines 
from Luzon Island to Mindanao Island. How- 
ever, C. laxiflora, besides having larger flower 
clusters, with longer, more slender branches and 
much larger leaflets than C. anisum-olens, shows 
important differences from the species in the 
structure of the pistil, as follows: (1) in having 
the processes at the tips of the five ovary locules 
without large oil glands; (2) in having a much 
shorter gynophore, which shows a very short 
basal annular portion only about 0.2 mm high 
and 1 to 1.1 mm wide just below the constriction; 
(3) in having locular cavities which descend 
deeply into the gynophore, reducing its length 
to 0.6 to 0.8 mm (instead of 1 to 1.2 mm, as in 
C. anisum-olens); and (4) in having a large sub- 
globose ovary, nearly filling the flower bud, 
which at this stage has almost no distinct gyno- 
phore. Tanaka (1932e, p. 422) reduced this spe- 
cies to a synonym of C. anisum-olens, but, in view 
of the striking differences in the ovary and gyno- 
phore characters noted above, it is evident that 
C. laxiflora should be retained as a good species. 

12. Clausena todayensis Elmer, Leafl. Phil. 
Bot. 8:2505. 1915. 

Type.—Philippines, Mindanao Island, Davao, To- 
daya (Mt. Apo) (Elmer, No. 10530). Herb. Bur. Sci., Ma- 
nila. 

Distribution.— Known only from the type, col- 
lected on a densely wooded ridge south of the Sibulan 
River at 1,500 ft. [457 m] altitude. 
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Elmer’s original description reads, in part, as fol- 
lows: “Tree, with a 10 m high and 3 dm thick stem. . 
twigs roughened with lenticels, puberulent when young. 
Leaves imparipinnate, thinly coriaceous, paler green be- 
neath, dark green on the upper conduplicate surface, the 
acute to acuminate tips strongly recurved . . . 5 to 7-foli- 
olate . . . leaflets punctate beneath, slightly unsymmetric, 
oblongish . . . obscurely crenate or undulate, the base ob- 
tusely rounded, the terminal leaflet the larger, the basal 
pair subopposite and much reduced, the larger ones 7.5 
cm long by 3 cm wide at the middle, sparsely pulverulent 
or Sibendient on both sides; lateral pairs of veins 5 to 9, 
divaricate . . . petiolules only a few mm long, the terminal 
leaflet upon a 1 to 1.5 cm long rachis extension. Inflores- 
cence ascending, terminal, paniculate, 10 to 20 cm long; 
all the stalks terete, green, brown puberulent . . . the ulti- 
mate branchlets subtended by minute bracts; flowers soli- 
tary or usually in small terminal clusters, subtended by a 
bract .. . finely ciliate along the margins; pedicel 1 mm 
long, relatively thick; sepals 4, cremeus, caducous, ellip- 
tically oblong, 3.5 mm long by one-half as wide across the 
middle ... glabrous . . . stamens 8, erect; filaments 2 mm 
long, fleshy, compressed, purplish-brown fee asi 
pointed at the apex only ... anther 1.5 mm long... 
Sica sous at the apex ... ovary more or less rugose, 2 
mm long, short stipitate, obscurely 4-angled and with 
some large glands, terminated by a circular stigma.” 

Tanaka (1932e, p. 423) did not follow Mer- 
rill (1923, p. 337) in reducing this to a synonym 
of C. anisum-olens because, as he stated, C. toda- 
yensis has a 4-merous “small ovary, with only 
8 large oil-glands somewhat like that of C. har- 
mandiana. The plant is, however, very gracile 
and not like the above [C. harmandiana].” Pend- 
ing further study, the species is here retained. 


13. Clausena cambodiana (Pierre) Guill. in 
Lecomte, Not. Syst. 1:219. 1910. Glycosmis cam- 
bodiana Pierre, Flore Forest. Cochinch. 4(18): 
text to pl. 285. 1893. 

Type.—French Indo-China, Cambodia, Knang- 
Krépeuh Mountains at 1,500 m altitude (Pierre, No. 832). 
Herb. Mus. Hist. Nat., Paris. 

Distribution —Known only from the type locality. 

The description given by Guillaumin (1911, p. 
665) reads, translated, as follows: “A small tree 5-8 m 
tall. Branches glabrescent. Leaves 15-20 cm long, with 
5-11 alternate, glabrous, membranaceous leaflets, equilat- 
eral at the base, oval or oblong-lanceolate, 9-15 x 3-5 
cm, cuneiform at the base, cuspidate at the apex, with 6- 
9 pairs of lateral veins, which like the veinlets are visible 
above and are raised below; petioles cylindrical, pubes- 
cent; petiolules cylindrical, about 5 mm long. Fruiting in- 
florescence a terminal panicle, as long as the leaves, pyra- 
midal, pubescent. Fruit spherical, red-violet, about 8 mm 
diam., punctate because of the oil glands, very fragrant.” 

In the original description Pierre men- 
tioned that the lower leaflets are smaller and 
that the fruiting inflorescences are 20 cm long. 

A photograph of the type specimen (Pierre, 
No. 832) preserved in the Paris herbarium, made 
by Tanaka, shows the leaves taper to a very 
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sharp tip 0.9 to 2 mm wide, and are very flat 
and entire-margined. The fruits are borne on 
slender pedicels about 4 to 6 mm long, arising 
from nearly straight, rather stiff lateral branches 
of the inflorescence, 7 to 8 cm long below but 
much shorter above. Most of the other species 
of Clausena having caudate leaflets have the 
margins of the leaflets minutely dentate or crenu- 
late (as in C. dentata) or else have curved tips 
and very unequal-sided bases (as in C. wallichii). 


14, Clausena brevistyla Oliv. Jour. Linn. 
Soc. Bot. 5(2):31. 1861. 

Type.—Australia, Queensland, Hope Islets (Mac- 
Gillivray, July 18, 1848). Herb. Kew. 

Distribution.—Australia: Queensland. 

Oliver's original description reads: “Leaves 10- 
15-foliolate, leaflets very oblique; ovary more or less ob- 
ovate, narrowed at the base, 4-lobed above, glabrous or 
almost glabrous; style distinct from the ovary, very short, 
half shorter than the ovary, equal to the stigma [in 
diam.) Shrub(?). Leaves 5-8 in. [12.5-20 cm] long. 
Petiolules about 2 lin. [4 mm] long. Leaflets oblique or 
rhomboid-oval or ovate, apex mares acuminate, margins 
undulate-crenate or dentate, glabrous or in young leaves 
pubescent near the midrib, 1-4% in. [2.5-11.5 cm] long, 
10 lin. to 1% in. [20-38 mm] wide. Calyx 4-5 sane 
lobes widely ovate. Petals 4-5, thin, broadly elliptical or 
rounded. Stamens often 10, filaments thicker Below and 
dilated, somewhat arched. Ovary glabrous, or with few 
hairs, 4-5-locular. Ovules 2 (superimposed?). Stigma equal 
to the style [in diam.]. Fruit not seen. Resembles C. hep- 
taphylla very closely, differing in the conspicuous obliq- 
uity of the leaflets and the very short style, inserted in 
both species in the central apical depression of the ovary. 
The flowers are often pentamerous.” . 


This species is the only one native to Aus- 
tralia and thus occupies the extreme southeastern 
portion of the range of the genus Clausena. 


14a. Clausena brevisty]a var. halmaheirae 
(Miq.) Swing. Jour. Wash. Acad. Sci. 30:82. 1940. 
Clausena halmaheirae Miq. Ann. Mus. Bot. Lugd.- 
Bat. 1:211. 1863. 

Type.—East Indian Archipelago; Moluccas, Hal- 
mahera Island (Teijsmann and De Vriese), Rijks Herb., 
Leiden. 

Distribution—Known only from the original col- 
lection. 

The original description by Miquel reads, trans- 
lated, as follows: “Branches, petioles, and midribs (on 
lower side), along with the flerecences covered spar- 
ingly with a thin adpressed pubescence; leaves long, with 
rather widely separated fealets leaflets (on the stronger 
leaves up to 11, or fewer) with short petiolules, lower ones 
nearly opposite, aoe obovate and shortened, the others 
not opposite, narrowly sublanceolate-oblong, acutely 
pointed toward the base, one side cut off, the other ob- 
tusely unequal-sided, chartaceous with even or slightly 
repand margins; sometimes very minutely subserrate, pale, 
black glandular-punctate below, with 10-15. spreading 
veins; fruiting inflorescences axillary, % longer than the 
leaves, with lax few-flowered branchlets; calyx 4-lobed; 
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immature berries, 1-seeded. Near to the species which I 
listed in F]. Ind. bat., Suppl. I, p. 501, doubtfully under 
the name C. excavata. Sufficiently distinct from all de- 
scribed species, but recalling several of them. Leaves 1- 
1.5 ft. [30-45 cm] long. Lower leaflets 3 in. [7.5 cm] 
long, upper ones 6-6.5 in. [15-17 cm] long.” 

Tanaka (1931b, p. 6), who examined the 
type specimen at Leiden and other type material 
at Utrecht and Kew, concluded that this plant 
“is closely related to C. harmandiana, but is dif- 
ferent in having narrower leaflets with distinct 
black dotting and a long branched panicle bear- 
ing [a] decidedly smaller berry.” With respect 
to the last-named character, Miquel noted that 
the type material (all that is known as yet) has 
immature fruits. 

This variety is characterized by having 
large fruiting inflorescences with widely spread- 
ing primary branches and sturdy terminal pedi- 
cels 2 to 4 mm long. It has very small pistils, only 
1.4 to 15 mm long (in dry state), with a very 
slender gynophore, only 0.2 to 0.3 mm in diame- 
ter, and an ovary only 0.8 mm long and 0.6 mm 
wide, rough with oil glands, and a cylindrical 
style, shorter than the ovary. The leaflets are only 
slightly unequal-sided. This variety is very dis- 
tinct from C. harmandiana. 

15. Clausena anisata (Willd.) Hook. f. Niger 
Fl. 1:256. 1849. Amyris anisata Willd. Sp. Pl. 2: 
337. 1800. Illus. De Wildeman, Ann. Mus. Congo, 
Bot. 5 sér. 2: pls. 52, 53. 1907. 

Type.—Western Africa, “Guinea” (coll. ?). Herb. 
Bot. Mus., Berlin-Dahlem. 

Distribution—Western Africa: Sierra Leone to 
Angola; central Africa: Bahr-el-Ghazal and Pemba through 
Usambara to northem Malawi and Tanzania on Masai 
plateau, reaching 3,000 m altitude. 

This species was described by Oliver (1861, p. 34) 
from Nigerian material as follows: “Leaflets 10-20, 
eae ax, elongate, shorter than the leaves or longer, 
ateral branches divaricate in a cymose manner, slender, 
pubescent; ovary 4-furrowed, 4-loculed; ovules paired [in 
each locule}, obliquely superimposed or almost collateral. 
. .. Small shrub 3 ft. [92 cm] high with white flowers. 
Leaves 6-12 in. [15-30 cm] long; leaflets unequal-sided, 
obliquely ovate or ovate-oblong, obscurely crenulate, 
sometimes slightly acuminate or emarginate, pubescent. 
Inflorescences paniculate, 6-9 in. [15-23 cm] long, borne 
in the axils of the upper leaves. Pedicels 23-1 lin. [1.2-2 
mm) long. Bractioles minute, ovate or lanceolate. Calyx 
4-merous, lobes ovate. Stamens with filaments abruptly 
dilated in the middle, subulate above. Ovary short-stip- 
itate, glabrous. Style rather long, rather thick, 4-fur- 
rowed, separating at the base.” 

This species is the only one found in west- 
ern Africa, but in eastern Africa it shares the 
central part of the range of the East African 
C. abyssinica. All three African species vary 
greatly and have ill-defined varicties. 
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Engler (1931, p. 322) reported that in 
western Africa C. anisata is found in the scattered 
bush forests of the hinterland of Cameroons (now 
Cameroon), where it is a tree 15 to 20 m high 
at an altitude of 2,100 m. Engler found that in 
eastern Africa it reaches the very considerable 
altitude of 3,000 m (9,840 feet), where it grows 
in the mountain meadows as a beautiful tree of 
medium height with a broad crown. This is by 
far the highest altitude yet reported for any 
member of the orange subfamily, but since Mount 
Kilimanjaro is situated only 3° 37’ south of the 
equator, even at high altitudes no severe cold 
in winter is experienced there. 

Clausena anisata and C. inaequalis were 
separated by Engler (1931, p. 322) by the length 
of the inflorescences in relation to the length of 
the leaves: in C. anisata the flower clusters are 
much longer than half the length of the leaves; 
in C. inaequalis they are never more than half 
the length of the leaves. De Wildeman and Du- 
rand (1901, p. 743) found the leaves of C. anisata 
to be 15 to 40 cm long, those of C. inaequalis to 
be 7.5 to 25 cm long; and the flowers of C. anisata 
to occur in many-flowered paniculate cymes, but 
those of C. inaequalis in three-flowered clusters 
or singly along the racemes. These two species 
have similar, more or less obovate or pyriform 
ovaries, with a large gland at the tip of each 
locule. 


15a. Clausena anisata var. multijuga Welw. 
ex Hiern. Cat. Welw. Afr. Pl. 1:116. 1896. 

Type.—Africa, Angola, Golungo Alto (Welwitsch, 
No. 1320, in part; coll., Nov. 1855). Herb. Brit. Mus., 
London. 

Distribution Angola: reported only from Go- 
lungo Alta and Pungo Andongo, in elevated stations up to 
2,200 ft. [670 m]. 

Differs from the species chiefly in having leaves 
with more numerous leaflets (17-32). A shrub or “small 
tree 7-12 ft. [2-3.6 m] high, with slender, far-reaching, 
almost sarmentose branches, with a very short, closely- 
set pubescence.” Leaves 3-10 in. [7.5-25 cm] long; leaf- 
lets 142 & W% in. [1.2-5 * 0.4-1.5 cm]; inflorescences 
4-9 in. [10-22.5 cm] long. 

It is doubtful whether this small-leaved 
multifoliolate form deserves taxonomic recogni- 
tion. No mention is made of tubercules on the 
ovary such as are found in a form growing a few 
hundred kilometers to the north in the Congo 
Valley; presumably the ovary in var. multijuga 
is smooth. 

This Angola form is said to make a small, 
elegant tree. It should have value as an orna- 
mental tree for cool subtropical regions. The 
leaves are “fragrant when rubbed, emitting a 
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very agreeable aroma like that of oranges and 
lemons.” The flowers are white but small. 


15b. Clausena anisata var. mollis Engl. 
Die Pflanzenwelt Ost-Afrikas C:228. 1895; also in 
Die. Nat. Pflanzenfam. ed. 2. 19a:322. 1931. 

Type.—Africa (locality doubtful). Herb. Bot. 
Mus., Berlin-Dahlem. 

Distribution.—Africa: forest and bush steppes of 
Cameroon hinterland; the Lake Region; Tanzania, Mount 
Kilimanjaro, western Usambara, coastal region; northern 
Malawi. 

Leaves soft-pubescent and with blunter leaflets 
than the species. 

An inadequately known plant that needs 
study. 


16. Clausena inaequalis (DC.) Benth. in 
Hook., Niger Fl. 1:257. 1849. Elaphrium inaequa- 
lis DC. Prodr. 1:724. 1824; Amyris inaequalis 
Spreng. 1825; Fagarastrum inaequalis Don. 1832; 
Myaris inaequalis Pres]. 1840. Illus. Wood & 
Evans, Natal Pl. 1(2):54, pl. 66. 1899; Sim, For. 
Fl. Cape Col. pl. 26. 1907. 


Type.—South Africa (coll. ?). Herb. De Candolle, 
Geneva. 


Distribution Southeastern Africa: Cape Colony, 
Pondoland, Natal, with transition forms to C. abyssinica 
(fide Engler, 1931, p. 322). 


This species was described by Wood and Evans 
(1899, p. 54) as follows: “A shrub or small tree with dark 
coloured bark, which is usually thickly studded with 
lenticels. Leaves unequally pinnate, 6-8 in. [15-20 cm] 
long; leaflets alternate or subopposite, in 4-6 pairs, peti- 
olulate, glabrous, lateral ones very unequal-sided, the 
lower portion of the lamina being much smaller than the 
upper portion, terminal one subequal, broadly lanceolate, 
margin unequally crenate, attenuate to an obtuse or sub- 
acute apex; 142 in. [3.8-5 cm] long; %-% in. [13-18 
mm] broad, petiolules 2-3 lin. [4-6 mm] long, pubescent, 
terminal one 6-9 lin. [12-18 mm] long, swollen and bent 
below the lamina. Flowers paniculate, white. Calyx small, 
4-parted, sepals lanceolate, pubescent. Petals 4, concave, 
free, spreading, imbricate in bud, deciduous. Stamens 8, 
hypogynous, filaments free, subulate, flattened. Anthers 
sagittate. Ovary on a short cylindrical a torus, ob- 
tusely 3-lobed, 3-celled, ovules 2 in each cell, collateral. 
Style short, thick, deciduous. Stigma 3-lobed. Berry fleshy, 
dark purple, the epicarp thickly studded with minute 
glands; 1-2 seeded by abortion.” 


Clausena inaequalis varies greatly, as do 
the other African species, C. anisata and C. abys- 
sinica. The first two differ in the length of the 
leaves, the obliquity of the leaflets, the length 
of the inflorescence compared to the length of 
the leaves, and the number of flowers arising in 
the ultimate division of the inflorescence; C. 
abyssinica is discussed below. 


17. Clausena abyssinica Eng]. Die Pflanz- 
enwelt Afrikas 3:757. 1915. Clausena inaequalis 
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var. abyssinica Engl. Die Pflanzenwelt Ost-Afrikas 
C:229. 1895. Illus. fig. 3-4, H. 

Type.—Abyssinia, plateau up to 2,300 m altitude 
(coll. ?). Herb. Bot. Mus., Berlin-Dahlem. 

Distribution.—Eastem Africa: Ethiopia; Tan- 
zania, Mount Kilimanjaro (up to 2,800 m alt.); southern 
Malawi; Zambia. 

The brief original description of the variety reads, 
translated, as follows: “leaflets less unequal-sided, more 
acuminate [than in the species C. inaequalis].— 3 [Abys- 
sinian plateau] (2,300 m).—15 [Mount Kilimanjaro, Tan- 
zania] (2,700 m).—A tree up to 10 m high in moun- 
tain forests.” The laconic description of the species in 
Engler’s account of Clausena (1931, p. 322) characterizes 
C. inaequalis as having “very unequal-sided, rhombic- 
ovate, mostly blunt pointed” leaflets, and C. abyssinica 
as having “usually oblique-lanceolate leaflets and larger 
flowers.” 

Clausena abyssinica was reported by Eng- 
ler (1931, p. 322) as growing up to 2,300 m in the 
Abyssinian plateau and up to 2,800 m in the 
upper girdle-forests of Mount Kilimanjaro in 
Tanganyika (now Tanzania). This altitude is ex- 
ceeded only by C. anisata, which on Mount Kili- 
manjaro attains 3,000 m. These two species hold 
the altitude record for the orange subfamily, and 
they must be able to grow at lower mean and 
maximum temperatures than any other Citrus 
relatives. 


A critical comparative study of C. inae- 
qualis and C. abyssinica is urgently needed. The 
original description of C. abyssinica as a species 
contradicts the original description of it as a 
variety in stating that the leaflets are more 
oblique than those of C. inaequalis instead of 
less oblique! As a matter of fact, all three African 
species of Clausena (nos. 15 to 17 above) and 
their varieties are exceedingly variable and as 
yet inadequately described. 


Engler (1915, p. 757) noted the difficulty 
of separating the African species and varieties 
of Clausena in an eloquent sentence to the effect 
that it is as hard to separate the species as it 
is easy to recognize the genus, which is spread 
over Africa from Ethiopia to Cape Province and 
from upper Guinea to Angola. 


18. Clausena papuana Lauterb. Bot. Jahrb. 
55:259. 1918. 


Type.—Northeastern New Guinea, at the foot of 
the Bismarck Mountains (Schlechter, No. 18476). Herb. 
Bot. Mus., Berlin-Dahlem; fragments in the Lauterbach 
Herbarium in the Herb. Bot. Inst., Univ. Breslau. 

Distribution.—Known only from the original col- 
lections made by Schlechter. 

Lauterbach’s original description of this species 
reads, translated, as follows: “Small tree with rounded 
twigs, the young shoots tomentose. Leaves alternate, im- 
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paripinnate, rachis tomentose. Leaflets alternate . . .peti- 
olulate, oblique-ovate, obtusely subacuminate, the upper 
half rounded at the base, the lower half acute at the base, 
membranaceous, punctate, showing veins on both sides 
in the dried material, margins inconspicuously crenulate, 
lateral veins (8 pairs) oblique, curving and fusing together 
near the margins; midrib slightly elevated below. Panicles 
axillary, subterminal, as long as the leaves, main stems 
tomentose, branches more or less separated, ending in 
aggregated apical branchlets, flowers short-pedicellate, in 
heads (‘capitulate’). Sepals 4, connate at the base, acutely 
ais Se tomentose without; petals 4, elliptic-acute, 
glandulose, glabrous, reflexed in anthesis; stamens 8, 
nearly equal in length, filaments thickened at the base, 
anthers elliptical, emarginate; gynophore glandulose; 
ovary glabrous, cylindric, somewhat quadrangular, locules 
4, each with 2 ovules; style short, stigma dilated. A small 
tree with twigs 4 mm diam., having gray-brown bark. 
Leaves 30 cm long; rachis 3 mm diam. at lower end; 
‘note ai 4-5 mm naa Leaflets 5-11 cm long, 3-5 cm 

road, smallest at the base of the leaf. Inflorescence 30 
cm long, stem 7 cm, branches 2-3 cm, and flower stalks 
1-2 mm. Flower buds 2.5 mm diam.; calyx lobes 0.5 mm 
long, petals 4 x 2 mm. The tip of each petal bears a large 
oil gland which, in the bud seen from above, forms a cross 
with those of the other petals. Stamens 4 mm long, of 
which the anther measures 1.5 mm. Gynophore 0.5 mm 
high, ovary 1 mm high, the style with the stigma 1 mm 
long.” 


Lauterbach noted at the end of the origi- 
nal description that “this species approaches [C.] 
brevistyla Oliv. from Queensland. It differs from 
it in its hairiness, larger leaves with broader, 
blunter leaflets and much larger flower clusters 
arising in the axils of the uppermost leaves.” 


Tanaka (1928c, p. 141) reduced this spe- 
cies to a variety of C. harmandiana (see p. 177), 
but, as he pointed out, this latter species has 
fewer leaflets (5 to 7 instead of 10 to 11, or more) 
and a less hairy rachis. Swingle found the leaflets 
of C. harmandiana much less unequal-sided at 
the base than those of C. papuana. The flowers of 
C. harmandiana have remarkably short pedicels, 
only about 1 mm long, whereas the pedicels of 
C. papuana are usually about 2 mm long. Clau- 
sena harmandiana has a very short, inconspicuous 
gynophore (Pierre apparently did not see it!), 
probably only 4 to 2 mm long, whereas the gyno- 
phore of C. papuana is better developed, about 
2 to % mm long, and is easily seen. Serial micro- 
tome sections made from the type material 
(Schlechter, No. 18476) preserved in the Lauter- 
bach Herbarium and kindly lent Swingle by the 
Botanical Institute of the University of Breslau 
show that each locule of the ovary is tipped by 
a single large oil gland (not two as in C. har- 
mandiana); each anther, each petal, and each 
sepal also has a large oil gland at the tip. 
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19. Clausena guillauminii Tan. Bul. Mus. 
Hist. Nat. Paris, 2 sér. 2:161. 1930. Illus. fig. 3-4, L. 

Type.—Thailand, Udawn, Léti, Wang Sapung 
(Kerr, No. 8782). Herb. Kew. 

Distribution —Thailand, Laos. 

Tanaka’s original description reads, in translation, 
as follows: “Shrub; branchlets and leaf veins pellucid- 
dotted and puberulous. Leaves 1-5-foliolate, rachis nar- 
rowly winged; leaflets alternate, thick, obovate or oblong, 
base acute or rather obtuse, apex cuspidate, obtuse or 
rather acute, lateral leaflets smaller, nearly equal-sided, 
terminal leaflet sometimes much wider, all sparsely black- 
dotted, conspicuously reticulate, slightly crenulate-serrate. 
Inflorescences terminal, paniculate, ee peduncles short, 
about equal in length. Flowers small, 5-merous, petals 
and calyx lobes pellucid-spotted at the tips. Filaments sub- 
ulate, anthers glandulose-tipped. Ovary ciliate, with 2 
series of glandulose spots, short-stipitate; style long, 
stigma subcapitate.” 

The type and cotype material collected in Thai- 
land by A. F. G. Kerr (his Nos. 8782 and 8388, listed by 
Tanaka), which was lent to Swingle by the Director of the 
Royal Botanic Gardens at Kew, shows the following di- 
mensions: Compound leaves (No. 8782), 5-7-foliolate, 17- 
20 x 9-13 cm, rachis 9.5-11 cm long, 1-1.5 mm diam., 
narrowly margined (0.2-0.5 mm) between the leaflets; ter- 
minal leaflets 7.5-9.5 x 4.3-5.7 cm; lateral veins 9-12 
pairs, nearly straight; lateral leaflets 3-8 X 2-4.2 cm. Uni- 
foliolate leaves (No. 8388), 7.5-10.5 cm long, usually long- 
elliptical, blunt or subacute at both ends, petioles 1-3.5 
cm long, very narrowly margined; inflorescences 3-10 cm 
long, but only 1-2.5 cm wide. This plant has stems only 
20-30 cm high and 3.5 mm diam., springing from a root 
1 cm diam., yet they were flowering freely and were bear- 
ing a few fruits when collected February 3, 1924. 

Craib (1926, p. 233) stated concerning this mate- 
rial: “The glands on the leaves are by far the largest of 
any Siamese rutaceous plant seen. The sepals and petals 
all have one prominent gland much larger than the others 
and the ovary has five conspicuous glands at the apex and 
usually a few longish spreading hairs.” 

Serial microtome sections of a specimen collected 
by Kerr (No. 8782) at Me Chan, Chien Sen, Thailand, 
show that there are smaller irregularly placed oil glands 
around the side of the ovary about at the point where the 
gynophore ends; there are 7, 8, or more of them, and 
they, along with the much larger oil glands that are 
borne in processes at the tip of each locule, must be what 
Tanaka had in mind in describing the ovary as “marked 
with two series of glands.” 

This species is said to be a shrub growing 
only 20 to 40 cm tall by Thorel, who collected 
it in Laos. Possibly it is killed to the ground by 
annual fires and springs up each year from the 
root. The oil glands are dimorphic, most of them 


being small, but a few, scattered 3 to 4mm apart, 
being much larger, ’s to % mm in diameter, pale 
on voung leaves but dark brown or nearly black 
on old leaves. By transmitted light, such glands 
are bright, clear red in color, about Jasper Red 
of Ridgway (1912, pl. 13). These large oil glands 
are often conspicuously convex and stand above 
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the leaf surface; they are sometimes surrounded 
by many small veinlets that radiate out from the 


oil gland. 


This astonishing species merits careful 
study as it differs widely from almost all the 
others of the genus. Two other species, C. papu- 
ana and C. wallichii, have the same distribution 
of oil glands on the floral organs, viz., a single, 
rather large oil gland on the tip of each calyx 
lobe, on each petal apex and another tip, as 
well as a short-stalked oil gland at the top of each 
locule of the ovary. C. papuana has very different 
leaves with about twice as many leaflets and a 
wingless rachis, whereas C. wallichii has acumi- 
nate, crenulate or denticulate leaflets about twice 
as large. 


20. Clausena wallichii Oliv. Jour. Linn. 
Soc. Bot. 5(2):35. 1861. Illus. Swing. Jour. Wash. 
Acad. Sci. 30:81, fig. 2. 1940. 


Type.—Burma, Chapedong Hill (Wallich, No. 
6370). Herb. Kew. 

Distribution. Burma: eastern Himalayan region, 
Tenasserim; Thailand. 

The original description by Oliver (1861, p. 35) 
reads, translated, as follows: “Leaves with the rachis nar- 
rowly winged; leaflets rhomboid- lanceolate, or oblong, 
acuminate, glabrous, margins crenulate. Inflorescences 
paniculate, many-flowered, branches close together, 

owers few. Calyx 5-merous, lobes ovate. Petals 5, mar- 
ins slightly imbricate in the bud, thin. Stamens 10, free, 
laments thickened at the middle, at first slightly arched 
below. Ovary short and narrowly stalked, 5- (or 4-) locu- 
lar, ovules obliquely superimposed. Sty le very short, fur- 
rowed, equaling the stigma in width.” The brief diagnosis 
adds the following characters: “Leaves 13-17-foliolate . 
Style distinct from the ovary, shorter or almost as long... 


Hooker (1875, vol. 1, p. 505) added a few char- 
acters as follows: “Leaves 8-12 in. {20-30 cm] long; leaf- 
lets 2-3 in. [5-7.5 cm] long, alternate, oblique, caudate- 
acuminate, with an obtuse notched tip, narrowed into a 
cuneate base. Panicle 3-5 in. [7.5-12.5 cm] long, and 
broad, much branched . . . Flowers subsessile, 's in. [3 
mm] diam. . . . ovary glabrous.” 

An examination of the type specimen and much 
other material of this species lent to Swingle from the Kew 
Herbarium and from the Calcutta Botanic Garden enabled 
him to add several characters, as follows: Leaves 20-30 x 
7-12 cm; leaflets 6-10 X 2-4 cm, crenulate or denticulate, 
very unequilateral, tuming brown on drying, with 
numerous evenly distributed oil glands varying greatly in 
size (about 0.04-0.2 mm diam.); flowers 4.5-5 mm long 
from base of calyx to tip of stigma, flower parts all heavily 
impregnated with tannin residue, glabrous, except ovary; 
calyx lobes, petals, anthers, and 5 (or 4) locules of the 
ovary each tipped with a single large oil gland; ovary 
tuberculate, often bearing a few rather long hairs, about 
1.8-2 X 0.8-1.2 mm; style 1.8-1.9 x 0.4- 0.5 mm: gyno- 
phore 0.7-0.8 mm long. : 5-0.8 mm diam. at narrowest 
part; pedicel of flower 1-2 mm long with minute ciliate 
bracts at base; fruits subglobose or round-ovoid, 5-6 x 5 
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mm (immature?), borne on pedicels 2-3 mm long and 0.8- 
1 mm thick. 

This species has the rachis very narrowly 
winged (wings 0.3 to 1 mm wide), a peculiarity 
it shares with C. guillauminii, which usually has 
the rachis merely margined rather than winged, 
whereas in C. luxurians the rachis is plainly 
winged (wings 1 to 2.5 mm wide). The floral 
organs, calyx lobes, petals, anthers, and ovule 
locules, are each tipped with a single large oil 
gland, in this character resembling C. guillauminii 
and C. papuana (see pp. 210-11). The great varia- 
tion in the size of the oil glands of the leaflets re- 
sembles but does not equal that found in C. guil- 
lauminii. There can be little doubt that C. walli- 
chii, C. luxurians, and C. guillauminii are rather 
closely related species, and all of them may be 
distantly related to C. papuana. 


21. Clausena luxurians (Kurz) Swing. Jour. 
Wash. Acad. Sci. 30:79. 1940. Clausena wallichii 
var. luxurians Kurz, Jour. Asiat. Soc. Bengal 44 
(2):133. 1876. Illus. Swing. loc. cit., 30:80, fig. 1. 


Type.—Burma, Pegu, Choungmenah (Kurz. No. 
1995). Herb. Bot. Gard., Calcutta. A sheet marked with 
Swingle and Tillson’s serial microtome sections No. 519. 

Distribution.—Southern Burma: known only from 
Pegu and Tenasserim. 


A shrub, with large leaves, 30-50 x 20-27 cm, 
5--7- (often 6-) foliolate: leaflets small and broad at base 
of rachis, 6.5-7.5 x 4-5 cm, larger, lanceolate-acuminate 
near tip of rachis, 15-21 x 6.5-8.5 cm, base acuminate 
and decurrent on petiolules, entire-margined, only slightly 
unequal-sided, terminal leaflet symmetrical at base, largest 
of all, 15-21 X 6.5-9.5 cm, lateral veins varying greatly 
in prominence, heavier ones few (7-9), arising at angles 
of about 70°-75° with the midrib, smaller intermediary 
lateral veins usually arising at a much greater angle (often 
80 -85 ) with the midrib, margins entire or subcrenate, 
surface covered with numerous oil glands varying in size 
from 0.04 to 0.2 mm, rachis narrowly but clearly winged 
except the segment below the lowest leaflet, wing broader 
(1.2-2.5 mm) at top of each rachis segment where leaflet 
is attached, smaller (0.8-1 mm) at the base of the rachis 
segment; inflorescences usually terminil, short, about 8- 
12 x 4-6 cm; flowers white, small, about 4-5 mm diam., 


2.5-3.5 mm long from base of ovary to stigma; flower buds 


subglobose, all flower parts glabrous, free from tannin, 
pile amber-colored when dry; calyx lobes, anthers, and 
ovary locules each tipped with a single large oil gland; 
pistil small, about 2.5-3 mm long; gynophore well de- 
veloped, hourglass-shaped, 1 mm long, 0.6-0.8 mm wide 
at narrowest point; ovary tubercular at base, 1-1.1 mm 
long, 1-1.3 mm wide, with one large oil gland at top of 
each locule, not blending with the style, which is nar- 
rowest at base, 1.1-1.3 x 0.4-0.6 mm; fruits (immature) 
subglobose, 5-6 mm diam, 


The abundant material of this plant col- 


lected by S. Kurz at Choungmenah, Pegu (under 
No. 1995), was labeled by him C. wallichii var. 
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luxurians. A collection made by A. Meebold (No. 
15090), at Wagon, Tenasserim (in Herb. Bot. 
Gard., Calcutta, and also in Herb. Bot. Gard., 
Breslau), has somewhat smaller leaves than the 
Pegu material and even smaller inflorescences 
(6 by 3 cm). The fact that both C. wallichii and 
C. luxurians have leaves with a winged rachis, 
an unusual character in the tribe Clausenae, has 
probably operated to cause most taxonomists to 
class them as mere forms of one and the same 
species. 

Serial microtome sections of the pistils 
show several important differences between these 
two species in the absolute and relative size of 
the flower parts; moreover, C. wallichii has abun- 
dant tannin deposits scattered through the tis- 
sues, whereas C. luxurians shows none. The 
leaflets of C. luxurians are decidedly fewer and 
much larger than those of C. wallichii and differ 
also in shape and margination. The flowers of 
C. luxurians, however, are decidedly smaller than 
those of C. wallichii and the petals are not each 
clearly tipped by a single large oil gland. 


22. Clausena lenis Drake, in Morot, Jour. 
Bot. 6:276. 1892. Clausena kerrii Craib, Kew Bul. 
Misc. Inform. 1913:67. 1913. Illus. Guillaumin, 
in Lecomte, Fl. Gén. Indo-Chine 1:664, fig. 70 
(6-7). 1911. 


Type.—F rench Indo-China, Tonkin, Tu-phap 
(Balansa, No. 3667). Herb. Mus. Hist. Nat., Paris. 


Distribution —North Vietnam: Tonkin; Laos; 
Thailand: Payap; China: Yunnan Province. 


A rather full description of this species by Guil- 
laumin (1911, p. 663) reads, in translation, as follows: “A 
shrub completely covered by soft pubescence (except the 
upper surface of the leaflets). Leaves 35-40 cm long, with 
11-17 alternate leaflets, very unequal-sided at the base 
(except the terminal one), membranaceous, oval (2.5-12 x 
2.5-6 cm), acute at the base, obtuse at the tips with the 
margins indistinctly denticulate, glabrous above (except 
the midrib and lateral veins), completely soft-pubescent 
below, lateral veins 5-8 pairs, slightly raised on the under- 
side; veinlets not visible, petiolules about 1 cm _ long, 
petiole cylindric, slightly glandular. Inflorescence a pyra- 
midal, pubescent, terminal panicle shorter than the leaves, 
with alternate branches, pedicels soft-pubescent, as long 
as the flower, without visible articulations; flowers 34 
mm long, flower buds ovoid. Sepals 4, small, oval-obtuse, 
slightly pubescent without, ciliate at the margins. Petals 
4, Bibrone oval, glandular. Stamens 8, equal, almost as 
long as the petals, anthers lanceolate, with 2 linear locules 
each ending in a point, staminal filaments flattened and 
broadened, very short, glabrous. Ovary glandular, almost 
completely glabrous, locules 2, with 2 superposed ovules 
in each, style cylindrical, as long as the ovary. Fruit un- 
known.” 

In his description of C. kerrii, now considered a 
synonym of C. lenis, Craib (l.c.) added a few details to 
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Guillaumin’s description, as follows: “Shrub up to 3 m 
high, twigs up to 5 mm diam., with soft short white 
carats . .. Leaves 50 cm long, petiole up to 6.5 cm 
ong, lower leaflets 4.6 cm long, 3.2 cm wide, upper leaf- 
lets up to 14 cm long and 6 cm wide . . . Inflorescences 
... bracts about 1.5 mm long . . . Petals white (fide Kerr), 
oblong-ovate, 5 mm long, 2.7 mm wide. Stamen filaments 
0.75 mm long, anther 3 mm long. Ovary 1.25 mm high, 
style 2.5 mm long, provided with a very few hairs, here 
and there.” 


The Chinese form may be described as follows: 
Small tree, 2-3 m high; twigs stout, 5-6 mm diam., at 
first angled, soon becoming terete, finely puberulent, soon 
glabrescent; leaves large, 30-65 cm long, with 11-15 leaf- 
lets (usually 13-15), rachis minutely puberulent; leaflets 
very unequal-sided at base, oblong-lanceolate and acu- 
minate or even subcaudate, cuneate at base, varying 
greatly in size on the same leaf, lower ones sometimes 
only 2-2.5 x 1.5-2 cm, those in the middle of the leaf 
largest, 10-13 x 3.5-5 cm, terminal leaflets 8-10 x 2-3.5 
cm, lateral veins 6-8 on apical half and 5-6 on basal half 
on the larger leaflets, margins dentate, except near the 
base, midrib and lateral veins minutely puberulent, peti- 
olules 2-4 x 1 mm, leaf margins more or less decurrent 
on sides; inflorescences terminal, or axillary among re- 
duced leaves at the end of the flowering branch, 15-28 
cm long and 10-15 cm wide when terminal, 5-15 x 2-4 
cm when axillary, ultimate branchlets bearing pedicels 
4-8 x 0.5 mm in dry state, entire inflorescence minutely 
puberulous; flower buds ovoid, ae coffee brown in dry 
state; calyx very small, 4-lobed, lobes semicircular, 0.8-0.9 
mm wide, 0.5-0.6 mm long, puberulous; corolla 4-merous, 
petals thick, coriaceous, entire, incurved at tips, 4-5 x 
3-4 mm, glabrous, dotted with small oil glands; pistil 4 
mm long in the ower bud, 5-6 mm long after petals and 
stamens fall; gynophore 1 mm high with a short annulus 
at the base 1.2 mm wide, 0.35-0.5 mm high, narrow con- 
striction above annulus 0.8-0.9 mm wide, upper part of 
gynophore cylindrical, 1.2 mm wide, 0.7-0.8 mm high, 
merging with the equally wide base of ovary at top but 
with a complete ring of 12-15 oil glands at the base just 
above the constriction; ovary cylindrical below, 1.2 mm 
diam., slightly narrowed and rounded at top where a pit, 
0.5 mm wide and 0.2-0.3 mm high, bears the style, 
slightly narrowed where attached, surface covered with 
numerous pas ed prominent oil glands and sparingly hir- 
sute, style cylindrical, 0.5-0.6 mm diam., and 3.5-3.8 mm 
long with no clearly marked stigma, ovules collateral, 2 in 
each locule. Staminal filaments very short, anthers ve 
long (4-5 mm), slender with a single elongated oil gland 
at back where filament is attached; fruits (immature) sub- 
globose or slight ovoid, strongly dotted with oil glands, 5- 
8 mm diam. 


In Thailand, this species has scattered 
hairs toward the base of the style. The ovary is 
said to be entirely glabrous, but in Tonkin, North 
Vietnam, it is apparently occasionally slightly 
hairy, to judge from Drake's description. In Yun- 
nan Province, the ovary usually bears scattered, 
rather long hairs which often fall away as the 
young fruit develops, but the style is usually 
completely glabrous. The type specimen from 
Tonkin shows rather blunt-pointed leaflets with 
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undulate margins; the Siamese material (C. kerrii 
Craib) has acutely pointed or acuminate leaflets 
with faintly and distantly serrulate margins; and 
the Chinese plant shows acuminate or caudate 
leaflets with rather strongly dentate-serrulate 
margins. The length of the style varies somewhat 
also, being shortest in the Tonkin type and long- 
est in the Chinese material. 


This remarkable species is very different 
from any others of the genus, as noted on page 
210; it has evidently gone some distance on an 
independent line of evolution distinct from that 
followed by any other known member of the 
tribe Clauseneae. 


23. Clausena suffruticosa (Roxb.) Wt. & 
Arn. Prodr. 96. 1834. Amyris suffruticosa Roxb. 
F]. Ind. 2:250. 1832. 

Type.—None found; type plant sent from Chit- 
tagong, northwestern Burma, to Calcutta Bot. Garden. 

Distribution.—India: eastern Himalayan region, 
Khasi Hills; Burma: Chittagong. 

An undershrub with simple stems, often only 1-2 
ft. [30-60 cm] tall, with all the younger parts softly pubes- 
cent; leaves 30-40 cm long; leaflets 11-17, densely soft- 
pubescent when young, when older glabrescent, lower ones 
ovate, equal-sided, subopposite, 2-4 x 1-2 cm, with en- 
tire margins, upper ones alternate, slightly unequal-sided, 
ovate-oblong to rhomboid-elliptical, more or less acumi- 
nate, sometimes acute, sometimes blunt at the tip; inflor- 
escences axillary simple or slender panicles, shorter than 
the leaves; flowers 4-merous, small, greenish-white, borne 
on rather long (3-4 mm), slender, hairy pedicels; petals 
about 4 mm long; pistil 3-4 mm long; ovary ovoid, 1.5-2 
mm long, 1.1-1.6 wide, not borne on a slender stipe, 4-locu- 
lar with small oil glands but no large one at the top of each 
locule; style short, cylindrical, 2 mm long, 0.4-0.8 mm 
wide, tip truncate, stigma not marked; fruits oblong or fusi- 
form, nearly 2.5 cm long by 0.8-1 cm wide, drooping, glan- 
dular, orange-colored, succulent, 1 seeded. 

C. suffruticosa is a remarkable undershrub 
that needs further study. It is evidently decidu- 
ous in the Chittagong Hills in northwestern 
Burma, as the young leaves and flowers appear 
together in early spring. The twigs are often 
stout, 7 to 8 mm in diameter, with pith 4 to 5 
mm in diameter; the leaf scars of the previous 
year are heart-shaped, 6 to 7 mm long and 5 to 
6 mm broad. Apparently the simple short stems 
arise from creeping rootstocks, perhaps because 
of annual fires killing the older wood to the 
ground. 

The pistil of this plant when studied in 
detail by means of serial microtome sections 
made by the modified Juel method (see Swingle, 
1939b, p. 270) shows that it differs strikingly 
from most of the other species of Clausena in 
having no well-developed gynophore on which 
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the ovary is borne and no cells filled with tannin 
residues scattered through the tissues. In this 
latter character, C. suffruticosa resembles C. lux- 
urians, which does, however, have a definite, 
though small, gynophore. It also differs in several 
other important characters. 

Clausena dentata var. longipes has a pistil 
resembling that of C. suffruticosa in general mor- 
phology; i.e., it has a poorly developed gyno- 
phore and a rather long style merging gradually 
with the apex of the ovary. However, cells con- 
taining tannin residues are found sparingly in 
the peripheral tissues of the ovary of C. dentata 
var. longipes and abundantly in the integuments 
of the ovules. 

The fruits of C. suffruticosa, which were 
described by Kurz (1877, vol. 1, p. 190) as “ob- 
long, drooping, nearly an inch long, one-seeded, 
orange-coloured, succulent,” are very different 
from those of any other species of Clausena. 


IV. Murraya Koenig 


IV. Murraya (“Murraea”) Koenig ex Linn. 
Mant. Pl. 2:554. 1771; nomen conservandum, 
Regles Intern. ed. 2. 91. 1912. Chalcas L. 1767; 
Bergera Koen. 1771; Murraya Koen. 1774; Mar- 
sana Sonner. 1782. 

Type species.—Murraya exotica L. = M. panic- 
ulata. 

Distribution—India; Indo-China; Thailand; 
southern China: Hainan; Taiwan; Malay Peninsula; Anda- 
man Islands; Sumatra; Java; Borneo; Philippines; Celebes; 
New Guinea; New Caledonia; northeastern Australia. 

Common name.—Orange jessamine (or murraya). 

Unarmed trees with odd-pinnate leaves with al- 
ternate leaflets; inflorescences, rather large panicles, either 
axillary or terminal; flower buds cylindrical or long-ovoid; 
flowers rather large, 5-merous; calyx of 5 ovate or lanceo- 
late sepals united at the base or only in the lower third; 
petals 5, rather large, lanceolate or linear, imbricate; sta- 
mens 10, free, elongate, filaments flattened in some da 
cies, anthers small, broadly ge eae or oval; disk annular, 
cushion-shaped or cylindrical, short; ovary ovoid, with 2- 
5 locules, each with 2 (or 1) superimposed or almost col- 
lateral ovules; style rather long and slender, finally falling 
off, stigma capitate; fruit a small berry, ovoid or subglo- 
bose, with mucilaginous pulp; seeds medium-sized, with 
a thin testa, cotyledons plano-convex. 

Murraya is a genus containing eleven spe- 
cies, of which all but three are rather closely 
related species that fall into two or three groups 
not as yet adequately studied. The only relation- 
ship of Murraya that appears clear is with Clau- 
sena, a genus that is difficult to distinguish at 
first sight from Murraya except by its having, as 
a rule, much shorter styles and smaller flowers 
with larger anthers. Careful study of the genus 
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Clausena has, however, shown that all the species 
have an hourglass-shaped gynophore of a charac- 
ter not found in Murraya. The tissues of all the 
flower parts in Clausena are usually highly im- 
pregnated with tannin residues deposited in some 
but not all of the cells. The curious species 
M. alternans, which seems to be related to M. 
alata, has a stalked ovary unique in Murraya but 
of different morphology from the gynophore 
found in Clausena. 3 
The anomalous species M. stenocarpa, 
having unifoliolate leaves, is still too inadequately 
known to permit discussion of its relationships. 
It is clear that Murraya is not closely re- 
lated to Citrus; nevertheless Citrus has at least 
once been successfully grafted on M. paniculata, 
a vigorous species easily propagated from cut- 
tings. Dr. Toxopeus, working in Java (1936, p. 8), 
reported having crossed Citrus and M. panicu- 
lata, but he obtained only stunted hybrids. 
Tanaka (1929a@) published a monographic 
study of the species of Murraya (under the genus 
name Chalcas) which has greatly helped in un- 
derstanding this genus. He was the first tax- 
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onomist to transfer Micromelum glabrum Guill. 
and Atalantia stenocarpa Drake to the genus 
Murraya. 

A key to the eleven species of Murraya 
is presented below. 


1. Murraya paniculata (L.) Jack, Malay. 
Misc. 1:31. 1820. Chalcas paniculata L. Mant. PI. 
68. 1767; C. camuneng Burm. f. 1768; Murraea 
exotica L. 1771; Murraya exotica L. 1774; Mar- 
sana buxifolia Sonner. 1782; Limonia lucida Forst. 
1786; Murraya sumatrana Roxb. 1832; M. odorata 
Blanco, 1845; M. scandens Hassk. 1866; Chalcas 
exotica (L.) Millsp. 1895; Murraya banati Elmer, 
1915. Illus. Murray, Comment. Soc. Reg. Géttin- 
gensis 9:186-91, pl. 1. 1789; Bellenden-Ker, Bot. 
Reg. 5: pl. 434 (col.). 1819; Hooker, Exot. FI. 
2: pl. 134. 1825; Wight, Icon. Pl. Ind. Or. 1: pl. 
96. 1840; Beddome, FI. Sylv. Anal. Gen. pl. 7, 
fig. 2. 1871; Penzig, Studi Bot. Sugli Agrumi, 
Atl. pl. 17, fig. 15; pl. 18, figs. 12-16. 1887; Guil- 
laumin, in Lecomte, Fl. Gén. Indo-Chine 1:655, 
fig. 69(5). 1911; and many others (see Stapf, Index 
Londinensis 4:333 [1930]); fig. 3-7 this work. 


KEY TO THE SPECIES OF MURRAYA 
A Leaves 1-foliolate, very long (11-15 cm); flowers very small (buds 2.5 x 1.5 mm). ...................--. 11) M. stenocarpa 
AA. Leaves odd-pinnate: leaflets 3-31, alternate: .22cisesccs:snccsstiocesdcasacicestessev ia paawsivevan dees ateach sada svavesdesvexiesSeapsenes de cvasettadexedeaeede B 
B Leaves deciduous; flowers appearing with young leaves in spring; ey obovoid, borne on slender stipe, 2-loc- 
als 


ular, with slender style and 1 large oil gland at tip of each locule; sep 


BB: Peaves: Persistent icsit053cssbesecen ch hs ss cceceee eden teetacces 


C Leaflets ve 


cm long and wide ..............-...-::-seseeeeeseeeeeseeeeeeeeee 
CC Leaflets medium-sized or large, 20-170 mm long 


glabrous; rachis winged. 
3) M. alternans 


SHR ee D SMe e eS HOSES BOHEME HH ATED E HEHEHE H EE EREOETOOHRASEEE SHEE EERE ETS BETO E HOH ODE BED eSSeseHeseseseease 


small, 3-20 x 3-6 mm; leaves small, 5-7 cm long, 10-20-foliolate; inflorescences small, 2-2.5 
Siac et race load creat cee reset oe hat Mea tages laa aia adt 6) M. microphylla 


SSS OSSSHS DEH SSE HESS SSE SEHOETESHERHORS TSE SORES SOSSSESHEE ES BED SSE SESS SEA SESSSETESEEOTASLSESC ED 


D Rachis winged; leaflets 5-7; sepals puberulous on dorsal surface; ovary 2-locular without large oil 


pland-at ‘tip: of each: 1lOCUl es s52: 2c c cache este teacione nce igs eat eae cate ae: 4) M. alata 

DD: Rachis:not winged; ovary 2-0 Ocular. is.cdscsecc acces ctesenacecens iiss cts agdacotes ceaseeshsgtentatdoons neaenanlicsoesuacestaaesiateetes 
E Flowers few, large, 20-25 mm diam., when oer filaments slender, linear. .................2.....:00+s00000 F 
F Ovary 4-5 angled at apex, base narrowed into short neck; disk obscure; fruits 4-5 angled at 


apex, tapering to base. .................. 


sesaha Sis oie. tered aos cae cats satan ARG cos SG Caae Bea 2) M. glenieit 


FF Ovary fusiform, not 4-5 angled at apex; ovary not narrowed into short neck; disk annular; 
fruits more or less apiculate, not 4-5-angled. .................0..ccccceceeceesseeesseeeeeneeseees 1) M. paniculata 
G 


EE Flowers many, small, 9-11 mm diam 
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G Staminal filaments linear-subulate, or filiform, not flattened below; leaflets 17-31, rarel 


fOWEP ou ee i a ees 


y 
see peelalaea cece series siaties ae rah tee ahiepse aloud races deeeeta ty acento H 


H Ovary with 2 locules; petals with scattered pellucid oil glands; pistil much shorter than 
stamens; fruits small, 8-10 mm long, ellipsoid, apiculate at apex............:....5) M. koenigti 
HH Ovary 4-locular (?); petals not distinctly gland-dotted; pistil 4 as long as stamens; frpits 


large, 1.5-2 cm diam., subglobose .............:...sccssscescesssscronssvenseosonsoonsosonsenseess 7) 


M. siamensis 


GG Staminal filaments flattened below; leaflets 5-17; fruits subglobose or only minutely apicu- 
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I Ovary constricted at point 14 of way down from apex; leaflets 3-11 (usually 5); very 


large (up to 17 X 9 cm); inflorescences 12 cm long, bearing up to 100 flowers. 


10) M. glabra 


II Ovary not constricted; inflorescences fewer-flowered. ...............ccsecceceeceseeeseceeessenecereesseneees K 
K Calyx lobes acutely pointed, margins not ciliate; stigma obscure; fruits not apiculate. 


8) M. euchrestifolia 


KK Calyx lobes rounded, ciliate on margins; stigma capitate; fruits minutely apiculate. 
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Type.—British India. Linn. Herb., London (sub- 
stitute type not labeled by Linnaeus, fide Jackson, 1912, 
p- 106). 

Distribution.—India, Ceylon, Burma, Indo-China, 
China, Taiwan, Malay Peninsula, East Indian Archipelago, 
Philippines, Australia, New Caledonia, Melanesian islands. 

Common name.—Orange jessamine. 

Kurz (1877, vol. 1, p. 190) described this species 
as follows: “An evergreen tree, 15-25 ft. [4.6-7.6 m] 
high, trunk 6-8 ft. [1.8-2.4 m] high, 14-2 ft. [46-61 cm] 
diam., the young shoots puberulous; leaves unpaired-pin- 
nate or occasionally pinnately 3-foliolate, glossy, glabrous, 
or sometimes the rachis pube rulous; leaflets alternate, cune- 
ate-obovate or almost obliquely rhomboid, shortly petio- 
luled, blunt or bluntish acuminate, 1-14 in. [2.5-3.8 cm] 
long, coriaceous; flowers rather large, white, in dense but 
small, almost sessile terminal corymbs; petals about 4-% 
in. [13-18 mm] long, recurved; stamens 10, alternately 
shorter; ovary 2-celled, the style long with a capitate 
glandular stigma; berries ovoid-oblong, bluntish acumin- 
ate, nearly % in. [13 mm] long, orange-coloured, 1-2- 
seeded; seeds villous.” 

This species is very widely distributed 
and doubtless extremely old. However, it has 
evolved at a very slow rate, as is shown by the 
small morphologic differences that distinguish 
it from var. ovatifoliolata (noted below), which 
has been separated from the other forms of the 
species for many millions of years ever since 
Australia lost all land connections in the Eocene 
period (see p. 352). The wood of this species— 
particularly that of the roots—is much valued 
by the Malays for making kris handles, Burkill 
(1935, vol. 2, p. 1507) noted that the trunks split 
unless carefully seasoned and that few pieces are 
larger than 8 inches (20 cm) in diameter. 
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The orange jessamine is a handsome green- 
house ornamental that blooms profusely. It has 
large white fragrant flowers that are succeeded 
by small red fruits (see fig. 3-7). In warm sub- 
tropical climates it thrives out of doors. It grows 
vigorously and can be propagated easily from 
cuttings. Citrus cannot as a rule be grafted on 
it, although one strain of lemon (an unidentified 
seedling) made a good growth on it in the green- 
houses of the former Bureau of Plant Industry 
at Washington, D.C. There are many varieties 
and strains of M. paniculata in the Old World; 
possibly some of them would support Citrus bet- 
ter than the strain now grown in the United 
States, probably originally introduced from India. 

la. Murraya paniculata var. ovatifoliolata 
Engl. Die Nat. Pflanzenfam. 3(4):188. 1896. Mur- 
raya ovatifoliolata (Engl.) Domin, Bibl. Bot. 89: 
296. 1927. Illus. Bailey, Compr. Cat. Queensl. PI. 
fig. 61 bis. 1909. 

Type.—Queensland (F. M. Bailey). Herb. Bot. 
Gard., Brisbane (?). 

Distribution —Australia: Queensland. 

Engler distinguished this variety from the species 
as having broadly oval or ovate leaflets. Bailey (l.c.) de- 
scribed this form as follows: “This, our indigenous form, 
is of a more straggling habit with more numerous and 
larger oil-dots, and is often decidedly hirsute and tomen- 
tose, thus very distinct from the two Indian ones of ouf 
gardens.” The leaves are 3-9-foliolate; the twigs, calyx, 
petals, and ovary hirsute. 

The essential oil in the leaves of var. 
ovatifoliolata from Queensland was compared 
with that from the species growing at Dehra 








Fig. 3-7. Murraya paniculata. Left, flowering branch. Right, fruiting branch. 
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Dunn, India, by Penfold and Simonsen (1925, 
pp. 146-55). The oil of both species and the 
variety was found to consist chiefly of sesquiter- 
penes and sesquiterpene alcohols, but “the chief 
constituent of the Indian oil was found to be 
l-cadinene . . . whilst bisaboline was similarly 
identified as one of the sesquiterpenes present in 
the Australian oil.” The other constituents were 
not identified as they did not yield any crystalliz- 
able derivatives. Significant differences were also 
found in the saponification value of the two oils. 
The leaves of the species grown in India yielded 
on steam distillation 0.01 per cent of dark-colored 
oil with a saponification value of 8.87; leaves of 
the variety from Queensland yielded 0.06 to 
0.15 per cent of oil having saponification values 
of from 19.37 to 26.18. There were also differ- 
ences in the rotative power of the oils, that of 
the species being [a]p-78.2°; that of the variety 
from —10.2° to -12.2°. 


1b. Murraya paniculata var. zollingeri Tan. 
Jour. Ind. Bot. Soc. 16:232. 1937. Chalcas panicu- 
lata var. zollingeri Tan. Bul. Soc. Bot. France 
75:709. 1928. 

Type.—Bima [or Sumbawa] Island (Zollinger, No. 
3351). Herb. Mus. Hist. Nat., Paris. 


Distribution —Central East Indian Archipelago: 
Bima, Sumbawa, and Timor islands. 


Leaflets 3-6, small, chartaceous, margins much 
reflexed; rachis thin, declinous, slightly pubescent; fruits 
not apiculate, often pendulous, sparsely puberulous. 

Tanaka (1929a, p. 27) is uncertain whether 
this is not the same as M. heptaphylla Spanoghe, 
in Linnaea 15:178 (1841). 


lc. Murraya paniculata var. omphalocarpa 
(Hay.) Tan. Jour. Soc. Trop. Agr. 1:27. 1929. Mur- 
raya omphalocarpa Hay. Icon. Pl. Formos. 3:51. 
1913. 


Type.—Formosa, Totosho (coll., Kawamakami). 
Herb. Imp. Univ., Tokyo. 


Distribution —Known only from Taiwan. 


Differs from the species in the following charac- 
ters: fruits large with attenuate tips, about 21 x 12 mm 
(when immature, rostrate, about 15 X 5 mm); flowers 
larger; petals narrowed at the base; calyx lobes elongate, 
ovate to linear-oblong, 3 mm long; ae broad, 5-8 x 
44.7 cm. 


Tanaka (1929a, p. 28) stated that “these 
characters may be linked by gradations” with 
those of the species, but as the differences are 
fairly large they can safely be regarded as varie- 
tal but not specific. 

2. Murraya gleniei Thwaites ex Oliv. Jour. 
Linn. Soc. Bot. 5(2):29. 1861. Chalcas gleniei 
(Thwaites) Tan. Bul. Soc. Bot. France 75:710. 
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1928. Illus. Trimen, Handbook FI. Ceylon, Atl. 
pl. 22. 1893. 
Type.—Ceylon (Thwaites, No. 3627). Herb. Kew. 
Distribution.—Known only from Ceylon. 


This species was best understood by Trimen 
(1893, vol. 1, p. 220), who, while he was director of the 
Botanic Gardens of Ceylon (where alone the species is 
found), naturally had abundant material at his disposal. 
His description reads: “A bush, much branched, bark very 
white, young twigs strongly pubescent; leaves imparipin- 
nate, 14-4 in. [3.8-10 cm long]; rachis strongly a ae 
cent, leaflets 3-7, on short pubescent stalks, upper ones 
much the longest, rhomboid-lanceolate, obtuse, emargin- 
ate, lower ones rotundate, all slightly crenate, glabrous; 
flowers 4#-% in [13-19 mm] diam., about 3-7, in short, 
racemose, axillary and terminal cymes, pedicels very pu- 
bescent; sepals very small, densely tomentose; petals % in. 
[13 mm long]; ovary on a distinct cylindrical stalk, 5- 
lobed, 5-celled; berry large, 1 in. {diam.], somewhat pyri- 
form or urn-shapced, flat-topped, but mammillate in centre, 
5-lobed or bluntly Sangled rough with large glands, 
shining green, 5-celled, the large inflated cells each con- 
taining 1-3 globose green seeds.” 


This Ceylonese form of the orange jessa- 
mine is much like the normal form of the species 
except in its curious inflated star-shaped fruits. 
It may perhaps be a mutation which has been 
able to establish itself as a satellite species. Eng- 
ler (1931, p. 320) noted that the ovary is “4- or 
5-locular” and consequently the fruits must be 
also 4- or 5-lobed. 


3. Murraya alternans (Kurz) Swing. Jour. 
Wash. Acad. Sci. 28:532. 1938. Limonia (?) alter- 
nans Wall., in Voigt, Hort. Suburb. Calcut. 139, 
nomen nudum. 1845; L. alternifolia (“Wall. ap. 
Voigt”) Kurz, Jour. Asiat. Soc. Bengal 42:64. 1873; 
L. alternans (“Wall.”) Hook. f. Fl. Brit. Ind. 1:508. 
1875; L. alternans (“Wall.”) Kurz, For. FI. Brit. 
Burma 192. 1877. 

Type.—Burma, Pegu (Kurz, No. 2010). Herb. 


Kew. 

Distribution —Known only from type locality. 
Kurz (1877, vol. 1, p. 192) stated: “Not unfrequent in the 
upper mixed and occasionally in the moist forests of the 
Pegu Yomah [ Mountains, about Lat. 18°40’-19° N., Long. 
96 35’-97° E.], sporadical but usually gregarious.” 

A slender, simple or sparingly branched shrub, 
60-120 cm [2-4 ft.] tall, with deciduous foliage; twigs 
slender, glabrous, with numerous shallow, longitudinal 
furrows and low ridges; leaves odd-pinnate, completely 
glabrous, 11-15 foliolate; leaflets alternate, nearly sessile, 
oblong-lanceolate to lanceolate, 2.5-4 cm long, somewhat 
unequal-sided toward the cuneately narrowed base, 
slightly attenuate to a blunt tip, margins slightly cre- 
nate above the middle: rachis narrowly winged; inflor- 
escences small, short-peduncled, glabrous, axillary cymes, 
appearing with the new leaves; flower buds small, ob- 
long or clliptical, 3-5 « 2-3 mm, flowers short-pedicel- 
late; calyx nearly flat, 5-lobed, lobes triangular, glabrous, 
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1-1.5 mm long, 1.5-2 mm wide, with numerous oil glands; 
petals 5, white, upright, linear, 5-7 mm long, tapering to 
a point, with many oil aah in the upper half; stamens 
free, filaments 10, slightly swollen above, sparingly short- 
pilose, anthers small, oblong, 1.2-1.3 mm long; pistil gla- 
brous, 4.5-5.5 mm long; ovary borne on a long, slender, 
nearly cylindrical stipe, 0.8-1 mm Jong and 0.4-0.5 mm 
wide, arising from flat top of the disk (said to elongate 
after lowering), the ovary itself obovate, 1.8-2 mm high, 
1.1-1.2 mm wide, bluntly rounded or obcordate at OP be- 
cause of 2 large oil glands, 1 over each locule; locules 2, 
cach with 2 ovules suspended from the top; style slender, 
subclavate, 2.2-2.6 mm long, 0.2-0.5 mm wide, stigma at 
tip not clearly delimited; disk annular, as broad or broader 
than the ovary, 1.8-2 mm wide, 0.5-0.6 mm high, fruits 
ovoid, glabrous, short-stalked, about 4 mm long. 

This species was assigned, somewhat 
doubtfully, to Limonia by Kurz and Sir Joseph 
Hooker, but has apparently never been studied 
since the 1870's. It is no longer mentioned in 
lists of plants covering Burma, and even the 
genus Limonia, to which it was assigned when 
discovered (and from which it has never been 
removed), is no longer in use (see Swingle, 1914- 
17, pp. 327-28). 

This extraordinary plant, frequently pro- 
ducing only a single slender stem, 2 to 4 feet 
high, is unique in the genus Murraya in having 
deciduous foliage. This species together with 
Clausena pentaphylla, C. dentata var. dulcis, and 
C. suffruticosa are the only members of the tribe 
Clauseneae having deciduous foliage. The leaves 
drop off during the hot, dry season, which in 
Pegu begins toward the end of February and 
lasts until May. When the summer rains come 
on, new leaves push out on the bare stems, and 
with them clusters of small white flowers appear 
in the axils of the leaves. 

The type specimen of this species, col- 
lected in Pegu in 1872 by Kurz, was kindly lent 
to Swingle by Sir Arthur Hill, director of the 
Royal Gardens at Kew. A study of the flower 
anatomy from serial microtome sections made 
from this herbarium material by the modified 
Juel method shows clearly that it belongs in the 
genus Murraya and is a species near to M. alata, 
which occurs not far to the eastward in Indo- 
China and which also has leaves with a winged 
rachis. It differs from all the other species of 
Murraya in having the ovary borne on a slender, 
nearly cylindrical stipe. 

Kurz, in publishing his first description of 
this species in 1873, mistakenly used the specific 
name “alternifolia,” although he professed to 
recognize the specific name “alfernans” first 
printed (but not adequately published) by Wal- 
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lich in Voigt in 1845. Hooker corrected this mis- 
spelling in 1875 and Kurz accepted the correction 
in 1877. 


4. Murraya alata Drake, in Morot, Jour. 
Bot. 6:276. 1892. Chalcas alata (Drake) Tan. Jour. 
Soc. Trop. Agr. 1:35. 1929. 


Type.—French Indo-China, Tonkin, Tan-keuin 
(Balansa, Nos. 1118, 1119). 

Distribution——North Vietnam: Tonkin (Tan- 
keuin, Kien-khé, and Bac-bat), Annam. 

The brief original description reads, in translation, 
as follows: “Shrub, 1 m high. Leaves up to 10 cm long, 
completely glabrous; petiole and rachis alate; leaflets 7, 
3-4 cm long, 1-2 cm wide, oblong or rhomboid, acute or 
subacute at the tip, obscurely crenate; petiolule very short 
and inconspicuously puberulous. Cymes axillary, 2-3 cm 
long, few-flowered, puberulous. Sepals acute. Petals ob- 
long. Staminate filaments linear. Berry ovoid.” 


This description was based on the type material 
from Tan-keuin, Tonkin, North Vietnam (Balansa, Nos. 
1118, 1119). Guillaumin (1911, p. 659) added a few char- 
acters not mentioned by Drake del Castillo, since he had 
additional material at his disposal from Kien-khé and Bac- 
bat, Tonkin, collected by Bon. The more important char- 
acters first noted by Guillaumin are described, in transla- 
tion, as follows: “. . . Branches glabrous, with yellow 
bark. Leaflets 5-7 . . . coriaceous, entire or undulate on 
the margins, lateral veins scarcely visible. Inflorescences 
.. . 2-3 cm long, branches 15 mm long, pedicels 9 mm 
long. Sepals . .. triangular, acute, 1.5 mm long, pubescent 
without. Petals glabrous, erect, obovate, 10-15 mm jong, 
with parellel veins. Stamens 10, the 5 longest a little 
shorter than the petals, and reaching to the stigma; fila- 
ments glabrous, subulate; anthers very small, attached at 
the base . . . terminated by a small sland not easily visi- 
ble. Disk annular. Ovary glabrous, ovoid; style subulate; 
stigma capitate; locules 2, each with a single ovule. 
Fruits red, grouped in corymbs, fleshy, with 1 or 2 seeds 
which have a parchment-like testa and a single-straight 
embryo with fleshy plano-convex cotyledons.” 


Like M. alternans, which it resembles in 
having leaves with a narrowly winged rachis, this 
species is reported as being a shrub only 1 m 
high. M. alata differs from M. alternans in having 
persistent instead of deciduous leaves, and flow- 
ers with petals about twice as long. The calyx 
lobes of M. alata are pubescent without and the 
staminal filaments are glabrous, both conditions 
being just the opposite of what is found in 
M. alternans. 


4a. Murraya alata var. hainanensis Swing. 
Jour. Wash. Acad. Sci. 32:26. 1942. 


Type.—China, Hainan Island, strand, Haichow 
(McClure, No. 7611). Herb. Natl. Arbor., Washington, 
D.C. 

Distribution—China: known only from Hainan 
Island. 

This variety differs from the species found in 
Tonkin and Annam in North Vietnam in having the leaf- 
lets when young minutely puberulent on both surfaces 
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Fig. 3-8. Murraya koenigii. Ten-year-old tree growing at Coconut Grove, Florida. (Photo by David Fairchild. ) 
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and on the margins. As they mature, the leaflets often 
become nearly glabrous, but the petiolules and the rachis 
remain more or less pubescent even on mature leaves, and 
often scattered, short cilia may be still seen along the mar- 
gins near the base of mature leaflets. The calyx lobes are 
pubescent and the staminal filaments are glabrous as in 
the species. The leaflets seem to be rather more variable 
in shape (especially in width) than those of the Indo- 
Chinese typical form. The fruits are ovoid, about 9-11 x 
6-8 mm in herbarium specimens. 

This variety is a shrub growing from 1 to 
2.5 m high along the beaches, and in the forests 
of Hainan from sea level to 1,300 m altitude. The 
fruits are said by one collector to be “lustrous 
deep red” when ripe. 

5. Murraya koenigii (L.) Spreng. Syst. Veg. 
2:315. 1825. Bergera koenigii L. Mant. Pl. 563. 
1771; Murraya foetidissima Teijsm. & Binn. 1864; 
Chalcas koenigii (L.) Kurz, Jour. Asiat. Soc. Ben- 
gal 44(2):132. 1875. Illus. Wight, Icon. Pl. Ind. 
Or. 1: pl. 13/334. 1838; Guillaumin, in Lecomte, 
Fl. Gén. Indo-Chine 1:655, fig. 69 (4). 1911; figs. 
3-8 and 3-9 this work. 

Type.—Eastern British India (Koenig, suppl. 
type). Linn. Herb., London. 

Distribution.—Indian peninsula; northeastern and 
northwestern India; Ceylon; Burma; North Vietnam; 
South Vietnam; Cambodia; Laos; China: Hainan Island, 
Yunnan, and Kweichow. 

Common name,—Curry leaf. 

Kurz (1877, vol. 1, p. 190) described this species 
as follows: “An evergreen tree, 15-20 ft. [4.6-6.1 m] 
high, trunk 4-10 ft. [1.2-3 m] high, ¥-1% ft. [15-46 cm] 
in circum., glabrous or slightly iberulonss leaves un- 
paired- pinnate, the rachis usually more or less pubescent, 
rarely quite glabrous; leaflets in 5-10 pairs with an odd 
one, on a short Deane petiolule, oblong-lanceolate or 
ovate, almost falcate, oblique at base, about 1-1% in. [2.5- 
3.8 cm] long, acuminate, more or less serrulate, mem- 
branous, glabrous, except on the midrib, which is often 
puberulous; flowers small, white, in terminal corymbs; 

etals oblong-lanceolate, acute, about 2-3 lin. [4-6 mm] 
fads stamens 10, alternately shorter; ovary 2-celled, the 
style short and thick; berries oblong, somewhat acute, the 
size of a smal: pea, 1-2-seeded, bluish-black.” 


This species was said by Trimen (1893, 
vol. 1, p. 219) to be “extremely like the small- 
leaved form of Micromelum pubescens [= M 
ceylanicum (see p. 201)], from which it may be 
distinguished by its more numerous more pubes- 
cent and smaller leaflets, and more compact 
corymbose terminal inflorescence.” The pistil is 
much shorter than the stamens. 

Dr. David Fairchild reported (Bur. PI. 
Ind., Inventory 88, No. 68351) that “the fresh 
leaves form a constant ingredient of the Cey- 
lonese curries and give them a very agreeable 
flavor.” He stated further (1930, p. 284) that the 
fresh leaves of this species are “deemed essen- 
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tial to all the curries of Ceylon.” They are “boiled 
with the curry but thrown out of it before serv- 
ing.” Dr. Fairchild had a fine fruiting tree of 
M. koenigii growing in his tropical garden, “The 
Kampong, at Coconut Grove, Florida, where it 
was one of the most prized of his collection of 
citrus fruits and their wild relatives (see fig. 3-8). 
He regularly used the fresh leaves in making 
curry. 

Trimen stated (1893, vol. 1, p. 221): “This 
is the familiar ‘curry-leaf, a constant ingredient 
in curries and mulligatawny.” He reported the 
species as rather rare in the wild state in Ceylon 
but “very much cultivated,” doubtless for use 
in curries. 

Dr. David Fairchild obtained seeds of this 
species in 1926 in Ceylon. Plants grown from this 
seed have thrived on the peculiar soil (a very 
sandy loam intermixed with porous limestone 
fragments of rock that often occupy half or more 
of the bulk of the soil) found in Miami and 
vicinity in the extreme southeastern part of 
Florida. 

6. Murraya microphylla (Merr. & Chun) 
Swing. Jour. Wash. Acad. Sci. 32:26. 1942. Clau- 
sena microphylla Merr. & Chun, Sunyatsenia 2: 
251. 1935. Illus. Merrill & Chun, loc. cit. fig. 27. 
1935. 


Type.—China, Hainan Island, Sunchuen (Chun 
and Tso, No. 43323). Herb. Arnold Arbor., Harv. Univ., 
Cambridge. 

Distribution —China: known only from Hainan 
Island. 
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Common name.—Small-leaved murraya. 
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The original description by Merrill and Chun 
reads, condensed and translated, as follows: “A shrub or 
small tree, branches glabrous, branchlets with a dispersed 
white pubescence; . . . leaves imparipinnate . . . 5-7 cm 
long, petiole and rachis with scattered white pubescence 
of short curved hairs; leaflets, 5-10 on each side, alter- 
nate or subopposite . . . oblong or oblong-ovate or oblong- 
lanceolate, upper ones usually larger up to 2 cm long... 
lower ones subopposite, 3-4 mm diam.; intermediate ones 
5-18 mm long, 3-6 mm wide, all of them crenulate, ob- 
tuse ... base usually inequilateral; lateral veins 3-6 pairs 

. inflorescences terminal, sparingly pubescent . 
short-pedunculate, 2-2.5 cm long and wide; [flowers un- 
known]; fruits few, ellipsoid or ovoid-ellipsoid, up to 1 
cm long, glabrous, glandular-punctate persistent 
sepals 5, oblong-ovate, punctate, glabrous, obtuse or sub- 
acute, 1 mm long; pedicels scatteringly pubescent, 2-2.5 
mm long.” 

A specimen collected by C. Wang (No. 32740), 
July 4, 1933, on the Fourth Hainan Expedition of Sun 
Yatsen University (in Herb. Amold Arbor.) has good 
flower buds, 4-5 x 2.5 mm: pctals show scattered, very 
dark oil glands. Serial microtome sections show the pistil 
to be 4 mm long, disk very short and not delimited from 
the ovary, which is 1.2-1.5 mm long and 0.9-1 mm wide, 
with 1 or 2 locules, with 1 or 2 large oil glands at the 
top of the locule (not in a locular process), merging into 
the broad style, about 3 x 0.4-0.5 mm, slightly swollen 
at the top into a subcapitate stigma, 0.7-0.9 mm diam., 
which shows a few small oil glands. The tips of the petals 
also show several fairly large oil glands. The stamens are 
about as long as the pistil, with linear subulate filaments. 


The finding of flowers of this interesting 
plant shows clearly that it is a species of the 
genus Murraya, of which it is a striking member, 
very different from any other species because of 
its small leaves and tiny leaflets. The collector's 
notes on the Hainan specimens show that it may 
reach 6 m in height, and have a trunk diameter 
of 15 cm. It bears white fragrant flowers. 


7. Murraya siamensis Craib, Kew Bul. 
Misc. Inform. 1926(8):340. 1926. Chalcas siamen- 
sis (Craib) Tan. Bul. Soc. Bot. France 75:710. 
1928. 

Type.—Thailand, Lampang, Mé Kat, alt. 250 m 
(Winit, No. 849). Herb. Kew. 


Distribution.—Thailand. Reported from four ad- 
ministrative districts by Craib (1926, vol. 1, p. 230). 

Craib’s original description, translated, reads as 
follows: “Small tree, trunk with fuscous bark having high 
ridges (fide Winit); young twigs with curly pubescence, 
year-old twigs puberulous, then fuscous, with small lenti- 
cels. Leaves 15-24 cm long (including the petiole, 1-2.5 
cm long), petiole and rachis almost terete with dense curly 
pubescence; leaflets 17-25, alternate or rarely subopposite, 
inequilateral (one half oblanceolate or lanceolate, nar- 
rowed at the base; the other half ovate, subtruncate at 
the base), apex obtuse, subacuminate, 2-7 em long, 1-2.7 
cm broad, chartaceous, above curly pubescent, very soon 
more or less glabrescent below, chiefly pubescent at the 
midrib, lateral veins 5-7 pairs, anastomosing near the mar- 
gin above, later conspicuous, somewhat prominent below, 
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veinlets somewhat conspicuous above, below forming a 
delicate rather prominent reticulation, margin subentire 
or more or less obscurely crenulate, petiolule about 2 mm 
long, covered with dense, curly pubescence. Panicles ter- 
minal, subcorymbose, 15 cm long; pedicels 3-4 mm long, 
with short curly pubescence. Sepals 5, ovate, lanceolate 
or deltoid, obtuse, 1.25 mm long, covered with short, 
curly pubescence without. Petals 5, linear-oblanceolate, 
incurving-apiculate, 6.5 mm long, 1.75 mm wide, gla- 
brous, thickened at the middle, imbricate. Disk fleshy, 
glabrous, slightly shorter than the calyx. Stamens 10, al- 
ternate ones longer, filaments 4-5 mm long, narrowed 
toward the apex, the lower half. slightly eae but 
scarcely complanate, anthers about 1 mm long, papillate. 
Ovary slightly oblong, scarcely 1.5 mm long, glabrous, 
shortly stipitate; style 3-5 mm long, articulated at the 
base, glabrous, stigma capitate. Fruit (immature), 1 cm 
diam.” 

Tanaka (1929a, p. 34) gave a redescription of the 
material cited by Craib which adds a few points to Craib’s 
diagnosis. The leaves are clearly dotted on the upper sur- 
face; the terminal inflorescence is small, bearing 10-15 
flowers; “flower buds small, oblong-ovoid, about 5 mm 
long, without glandular dots, pedicels short, about 6 mm, 
densely pubescent . . . ovary cylindric, notched, continu- 
ous with the cylindric style.” Tanaka reported that the 
fruit clusters are as much as 9 cm wide; the fruits are 
large, “black, somewhat 4-angled, indistinctly divided by 
shallow longitudinal grooves”; oil-dots large, more or less 
indistinct, pustulate; calyx lobes persistent, with long 
soft hairs; “pedicel about 1.5 cm long, continuous to the 
branch of peduncle .. . about 2 cm long.” He found that 
the fruits, usually about 1.5 cm diam. may attain 2 cm, 
and the fresh fruit may measure still more. 


Tanaka (19294, p. 34) stated: “This species 
is closely allied with C. [Murraya] koenigii, but 
dots on the petals are nearly indistinct, filaments 
are less subulate, petals much narrower, and fruits 
much larger and 4-grooved. The pubescence of 
the plant is more pronounced than C. [Murraya] 
koenigii, and sometimes the whole plant is cov- 
ered with white curved hairs, even... the upper 
surface of the leaflets.” Winit noted on his label 
on the type specimen that the plant is decidedly 
shrubby, blackish with deeply cracked bark, and 


has greenish-white, scented flowers. 


A specimen from Thailand, collected on 
December 31, 1928, by Dr. A. F. G. Kerr (No. 
9740) has apparently mature, globose, or slightly 
depressed-globose fruits, about 1.5 to 1.7 cm in 
diameter in the dry state, that do not show any 
distinct longitudinal grooves but merely very 
broad, very shallow depressions between the 
slightly protuberant locules. 


8. Murraya euchrestifolia Hayata, Icon. 
Pl. Formos. 6:11. 1916. Clausena euchrestifolia 
(Hav.) Kanehira, Formos. Trees 97. 1917; Chalcas 
euchrestifolia (Hay.) Tan. Jour. Soc. Trop. Agr. 
1:32. 1929. Illus. Kanechira, Formos. Trees 104. 
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1917, and ibid. rev. ed. 309, fig. 263. 1936. 


Type.—Formosa, Nantéchd, (T. 1t6). Herb. Imp. 
Univ., Tokyo. 

Distribution.—Taiwan. 

Tanaka (1929a, p. 32) described this Leon as 
follows: “Shrub; leaflets up to 8, rachis fine, puberulent; 
leaflets elliptic, acuminate at both ends, shiny above, 
largest 9.5 x 3.4 cm, nearly glabrous, lower surface of 
the midrib slightly puberulent, margin entire. Inflores- 
cence [a] terminal, many-flowered cyme, buds small, 
about 4 x 1.4 mm, black dotting few on the upper half. 
Calyx well lobed, about 1.5 mm diam., lobes triangular, 
black, glabrous down to the base, margin not pilose; pedi- 
cel slender, 4-5 mm long, pilose with soft, golden, curved 
pubescence. Petals 5, oblong-oboval, about 4.5 x 1.5 mm, 
obtuse at the apex, not much narrowed at the base, with 
approximately 10 dots on outside. Stamens 10, one shorter 
after the other, [longer and shorter ones altemating], 
longer ones about 4.5 mm, nearly as long as the petals 
when fully expanded, filaments linear, flat, gradually nar- 
rowed and acutely pointed; anther small, roundish, 
slightly cordate, about 2-3 mm diam. Pistil slightly shorter 
than the stamen; ovary oval, constricted at the base to- 
ward the broad end; style cylindric, terete, often a) 
curved, stigma obscure, altogether about 3.5 mm _ long. 
Berry globose, not apiculate, largest about 1 cm across, 
smooth, rather sparingly large pellucid-dotted, dark col- 
ored.”’ 

Tanaka (1929a, p. 32) stated that this plant 
most closely resembles M. crenulata in appear- 
ance, but the calyx lobes are acutely triangular, 
and the leaflets are not so oblique, lacking crenu- 
lation. In this respect, it approaches M. koenigii 
more closely, although the number of leaflets is 
fewer and they are larger and glabrous. It dif- 
fers from both species in having a smaller flower, 
an obscure stigma, and a slightly constricted 
ovary. 


9. Murraya crenulata (Turcz.) Oliv. Jour. 
Linn. Soc. Bot. 5(2):29. 1861. Glycosmis crenulata 
Turcz. Bul. Soc. Nat. Mosc. 31:250. 1858; Micro- 
melum coriaceum Seem. 1865; Clausena worces- 
teri Merr. 1910; C. citriodora Merr. 1925. 


Type.—Philippines (Cuming, No. 335). Herb., 
Leningrad. 

Distribution. 
Caledonia. 

Tanaka (1929a, p. 30) described this species as 
follows: “Shrub; leaves pinnate, composed of about 6-7- 
paired leaflets; leaflets medium-sized [3-6 x 1-2 or 3 
cm], much oblique, oval or oboval, acuminate or mucro- 
nate at the apex with blunt tip, acute at the base (round- 
ish in the lower leaflets), very short petiolulate, veins very 
distinct, irregular, margin more or less crenulate, semi- 
coriaceous, shining above, drying black, and midrib always 
glabrous. Inflorescence a terminal cyme, many-flowered; 
Hower small, bud cylindric, about 5 x 2 mm, apex 
rounded; petal narrow, striated, with obscure black dots. 
Calyx cupulate, puberulent, lobes broad and rounded, 
side often imbricate and ciliate on margin; peduncle slen- 
der, tomentose. Stamens free, unequal in length, filaments 
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long, linear, more or less dilated at the lower half, very 
sharp pointed at the apex, anther globose. Pistil nearly as 
long as the filaments; ovary ellipsoid, apex not narrowed, 
rather broad and more or less ridged, base somewhat nar- 
rowed to a cylindric disk; style long, terete, cylindric, 
stigma globose. Berry nearly globose and minutely apicu- 
late, dark-colored.” 


Tanaka noted that M. crenulata is allied 
to M. koenigii but differs from it in having fewer 
leaflets, which are thicker, larger, and attached 
to a glabrous instead of a pubescent rachis. The 
fruit is subglobose and minutely apiculate, where- 
as in M. koenigii it is short-ellipsoid and apicu- 
late. M. crenulata is often confused in the field 
with Clausena anisum-olens and with Micro- 
melum minutum var. curranii, but it has long 
flower buds and long pistils, which are never 
found in Clausena or Micromelum. 


SPECIES OF UNCERTAIN RELATIONSHIPS 


10. Murraya glabra (Guill.) Swing. Jour. 
Wash. Acad. Sci. 28:532. 1938. Micromelum gla- 
brum Guill. in Lecomte, Not. Syst. 1:216. 1910; 
Chalcas glabra (Guill.) Tan. 1929. Illus. Guillau- 
min, in Lecomte, Fl. Gén. Indo-Chine 1:646, fig. 
68 (11-12). 1911. 


Type.—French Indo-China, Kien-khé, Tonkin 
(Bon, No. 2977). Herb. Mus. Hist. Nat., Paris. 


Distribution —Vietnam: Tonkin and Annam. 


Guillaumin (1911, p. 650) described this species 
as follows: “Small shrub, 1 m high. Branches caarely gla: 
brous, with very odorous oil glands. Leaves 12-46 cm 
long; leaflets 3-9, alternate, glabrous, obovate or oblong- 
lanceolate, 5-17 « 2-9 cm, inequilateral and pointed at 
the base, abruptly acuminate at the tip, very slightly 
denticulate; lateral veins, 6-9 pairs, prominent on lower 
surface; petiolules cylindric, ena 34 mm long; 
petiole cylindric, glabrous, glandular. Inflorescences 
shorter than the leaves, with very short pubescence; pedi- 
cels longer than the flowers, with 2 small bracts at the 
base or lower third; flower [buds] 4 mm long, white. 
Calyx of 4 connate, indistinct, very shortly ciliate sepals. 
Petals 4, length 6 mm, glabrous, lanceolate. Stamens 8, of 
which 4 are longer; filaments dilated and pubescent 
above; anthers attached by the back, oval, with a few 
hairs. Disk extremely short. Ovary cylindric, warty, gla- 
brous; style longer than the ovary, ending in a globose 
stigma.” 

Tanaka (1929a, p. 36) in his monograph of the 
genus Chalcas (=Murraya) made a few additions and 
changes to Guillaumin’s description, among others the 
following: “Leaflets 3-11, generally 5 . . . texture thin, 
chartaceous .. . Rachis rather thin [slender?], about 28 
cm long... Flower bud about 6 xX 2.5 cm. Ovary .. 
distinctly constricted at about one-third from the apex...” 


This anomalous species was described as 
belonging to Micromelum but was transferred to 
Murraya by Tanaka “on account of having a 
large cyme, long flower buds with prominent 
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dots and elongated style.” The specimens from 
Annam have, so Tanaka found, distinctly termi- 
nal inflorescences which bear nearly 100 flowers. 
The fruit is unknown. 


11. Murraya stenocarpa (Drake) Swing. 
Jour. Wash. Acad. Sci. 28:532. 1938. Atalantia 
stenocarpa Drake, in Morot, Jour. Bot. 6:277. 
1892; Glycosmis stenocarpa (Drake) Guill. 1912; 
G. bonii Guill. 1910; Chalcas stenocarpa (Drake) 
Tan. Bul. Soc. Bot. France 75:711. 1928. Illus., 
Guillaumin, in Lecomte, Fl. Gén. Indo-Chine 
1:667, fig. 71 (3-6). 1911. 

Type.—French Indo-China, Tonkin (Balansa, No. 
1110). Herb. Mus. Hist. Nat., Paris. 

Distribution.—North Vietnam: Tonkin. 

The original description of Atalantia stenocarpa b 
Drake del Castillo may be translated as follows: “Small 
tree (up to 1 m high), spineless, very ee ee leaves sub- 
coriaceous, shining, elliptical or oblong-lanceolate (leaf 
blades up to 15 cm long, 6 cm wide; petiole about 4 cm 
long), acute at the base, narrowed at the apex, obtuse 
or subemaiginate, serrate. Cymes axillary, few-flowered. 
Flowers small. Calyx lobes 5, short, ovate, acute. Petals 
oblong. Stamen filaments free, ciliate. reset oblong, sub- 
stipitate, with 2 ovules. Fruit oblong, shortly attenuate at 
the apex.” 

A redescription by Guillaumin (1911, p. 671) 
under the name Atalantia stenocarpa added a few details 
“|. . Leaflets 4-12.5 x 3-5 cm, cuneiform at the base, at- 
tenuate and slightly emarginate at the tip; with 9-10 pairs 
of lateral veins, clearly distinct from the veinlets and like 
them elevated above the surface below; oil glands easily 
visible pono) on the margins and in the angles of 
the teeth; petiole 2-3.5 cm, with a swelling at the base of 
the leaf blade; ovary ovoid, borne on a low disk, with 2 
locules, each with 1 ovule; style cylindric-pubescent. 
Fruits fleshy, reddish, oblong, 15 mm long, attenuated at 
the tip.” 

This anomalous species, with unifoliolate 
leaves, was placed in this genus by Tanaka, al- 
though originally it was placed in the genus 
Atalantia. Guillaumin, because of this leaf-charac- 
ter, transferred the species to Glycosmis, but, 
according to Tanaka, “the plant lacks ferruginous 
pubescence characteristic to Glycosmis . . . The 
ovary ... is glandular and somewhat stalked at 
the base and this character agrees with Clausena 
and not... Atalantia. The filaments of Clausena, 
however, are very much attenuated, ending with 
a filiform tip, and the anther is extremely long. 
In the present species, the filaments are dilated 
[at the base] and abruptly pointed [at the tip] 
and the anthers are not large; moreover they 
are pubescent, and [have] pellucid dots on the 
surface of the petals and calyx lobes similar to 
Murraya glabra.” 

Tanaka (1928b, p. 711) emphasized the 
“exact coincidence of the characters of the sta- 
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mens in the present species” with those of M. 
glabra. However, M. glabra is itself a somewhat 
anomalous species of Murraya, and both of these 
species should be studied more fully. 


Subtribe 3. Merrilliinae: Large-Fruited 
Remote Citroid Fruit Trees 


The subtribe Merrilliinae contains only 
one genus with a single species, Merrillia caloxy- 
lon, native to the Malay Peninsula and to the 
adjacent coast of Sumatra. Merrillia differs widely 
from all the other genera of the tribe Clauseneae 
and has a superficial similarity with the genus 
Swinglea, one of the aberrant Hard-Shelled Cit- 
roid Fruit Trees belonging to the tribe Citreae. 

Swingle follows Engler (1931, p. 211) in 
placing Merrillia next to the genus Murraya, 
which it resembles in general aspect and in its 
hard handsome wood, although differing greatly 
in flower and fruit characters. The flowers are 
the largest known in the orange subfamily but 
do not open fully (as do those of Citrus). They 
are trumpet-shaped, becoming completely pen- 
dent during anthesis, with only the upper third 
of the petals recurved. The petals composing the 
corolla are not only the largest known in the 
orange subfamily, but they are also slightly un- 
equal in size and shape, ie., slightly zygo- 
morphic. The fruits are as strange as the flowers 
and have a thick, radially lacunose, leathery 
exocarp and seeds covered with abundant, nar- 
row, flattened, somewhat deeply laciniate paleae, 
characters not found elsewhere in the subfamily. 

This subtribe seems to have been derived 
as an offshoot from the ancestors of Murraya that 
evolved rapidly in flower and fruit characters 
while retaining the general facies of a Murraya 
of the M. paniculata group of species. 


V. Merrillia Swing. 


V. Merrillia Swing. Phil. Jour. Sci. Bot. 
13:337. 1918. 


Type species—Murraya caloxylon Ridl. = Mer- 
rillia caloxylon (Rid].) Swing. 

Distribution—Malay Peninsula: southern Thai- 
land, upper Perak; northeastern Sumatra. Cultivated in 
Singapore Botanic Gardens. 

Common name.—Merrillia. 

Swingle’s original description, translated, reads as 
follows: “Genus allied to Chaetospermum [now Swinglea] 
... from which it differs chiefly in the 5-6-locular ovary 
having an irregular lacunose pericarp; the seeds densely 
scaly, scales clongate, membranaccous, slightly laciniate; 
the leaves sessile, pinnate, the rachis narrowly winged, 
and the leaflets alternate. 
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“Unarmed tree; leaves pinnate, sessile or subses- 
sile; rachis narrowly winged; leaflets alternate, lower ones 
small, the next higher ones gradually increasing in size, 
the terminal ones largest; petiolule very short; inflores- 
cence axillary, 2-1-flowered; flowers aie ae rather large, 
5-merous; calyx 5-merous, small, lobes triangular-ovate; 
petals 5, narrow; stamens 10, free, unequal; ovary 5- 
(rarely 6-) locular, stipitate, merging into the elongate 
style, stigma capitate, ovules 8 to 10 in each locule; 
fruit subglobose, large pericarp very thick, coriaceous, 
irregularly lacunose with cartilaginous walls, segments 
filled with mucilaginous gum, seeds numerous in each 
segment (8-10), lenticular, densely sealy, scales slightly 
fimbriate, membranaceous, elongate, hilum carinate, sub- 
ariloid. Cotyledons hypogeous in germination, first leaves 
simple, opposite, broadly ovate-lanceolate.” . 

The very long, trumpet-shaped, slightly 
zygomorphic flowers of Merrillia, often 55 to 60 
mm long, are unique in the orange subfamily. 
The large fruit with its thick, radially lacunose 
epicarp and seeds covered with flat, narrow, 
laciniate paleae are equally strange. These and 
other remarkable flower and fruit characters of 
Merrillia constitute one of the most striking ex- 
amples of rapid divergent evolution to be found 
among the many that are seen in the orange 
subfamily, such as the highly xerophytic Eremo- 
citrus and the anomalous Monanthocitrus with 
its horned fruits and spotted seeds. The extraor- 
dinary fact is that Merrillia not only has flowers, 
fruits, and seeds which differ very widely from 
those of the other genera of the tribe Clauseneae, 
but fruit characters analogous to those of the 

enus Swinglea, an aberrant member of the 
Hard-Shelled Citroid Fruit Trees belonging to 
another tribe. 

When Swingle described Merrillia as a 
genus in 1918, he thought that it probably be- 
longed with Swinglea in a special group of the 
subtribe Balsamocitrinae, although he directed 
attention to the unusual characters that make it 
“perhaps the most aberrant of the citrus fruits.” 
Swingle had the good fortune to be able for sev- 
eral consecutive years to study in minute detail 
the leaf and flower morphology of a healthy, 
everblooming tree of this plant growing in the 
citrus greenhouse of the former Bureau of Plant 
Industry. As a result of these studies Swingle 
considered Merrillia to be a very anomalous 
member of the tribe Clauseneae that has prob- 
ably evolved from a Murraya-like ancestral form. 

Merrillia caloxylon (Ridl.) Swing. Phil. 
Jour. Sci. Bot. 13:338. 1918. Afurraya caloxylon 
Rid]. Jour. Straits Branch Roy. Asiat. Soc. 50:113- 
14. 1908. Illus. Swingle, loc. cit. pls. 5, 6; Fox- 
worthy, Malay. For. Rec. 3:169, unnumbered fig. 
1927; fig. 3-10 this work. 
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Fig. 3-10. Merrillia caloxylon. Flowering branch from 
plant grown in greenhouse, Washington, D.C. About 
2/5 natural size. (Drawn by R. E. Caryl.) 


Type.—Upper Perak, Kenering, at 500 ft. eleva- 
tion (Robinson, No. 5548). Herb. Brit. Mus.; London. 
Distribution Malay Peninsula: southern Thai- 
land, Patani Province; Federation of Malaysia: Kedah, 
Perak, Selangor, Pahang; northern Sumatra: Asahan. 
; Common name.—Flowering merrillia (or keteng- 
ah). 
? The original deseription of this species (Ridley, 
lc.) follows: “A tree of considerable size, the branches 
covered with a pale flaky bark. Leaves 8 inches [20.3 cm] 
or more ne with 13 leaflets; rachis flattened and winged, 
narrow; leaflets 3-342 inches [7.6-8.8 cm] long or less by 
1% inches wide [3.8 cm], alternate, oblanceolate, obtusely 
acuminate with a triangular base, minutely petiolate, in- 
equilateral, thin, bright deep green. Flowers pale yellow- 
ish-green, several together in small panicles, in the upper 
axils of a branch, about an inch [2.5 cm] long. Sepals 
connate, ovate-acute, 40 inch [2.5 mm] long. Petals and 
stamens not seen. Ovary stalked, hairy, style rather stout, 
hairy, stigma capitulate. Fruit oblong, rounded at both 
ends, 4 inches [10.2 cm] long and three inches [7.6 cm] 
in diameter, the pericarp dotted and warty, greenish, 
eventually becoming vellow: half an inch [12.7 mm] 
thick, lemon yellow inside, full of long resin cells nar- 
rowed at the mouth and dilated below, cells 5, with rather 
thick tough walls, pulp of transparent flattened sticky 
fibers, olive green in colour and tasteless. Seeds numerous, 
about 5 in a section, ovate-flattened, half an inch [12.7 
mm] long, 's inch [3 mm] thick, olive gray.” 
Open flowers of this species were not seen by 
Ridley. As Swingle reported in the original description of 
Merrillia, petals from flowers of a tree in the Singapore 
Botanic Gardens grown from seed from Patani Province, 
in extreme southern Thailand, were “35-40 x 5-10 mm, 
bluntly pointed at the apex and narrowed gradually to the 
base.” A small tree grown in the citrus greenhouse at 
Washington, from seeds of this tree in the a abs 
Botanic Gardens, bore fowers that were even larger, hav- 
ing petals 4.5-5.5 cm long and 8-11 mm wide. The 
flowers were pendent and never opened fully, having the 
imbricate petals curving outward at the tips and making 
a trumpet-shaped flower, greenish-white on the outside 
and white within. No other species of the orange sub- 
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family has flowers of this type. Swingle directed attention 
(1918, p. 339, pl. 5) to the curious pair of nearly opposite, 
small, broad, and often suborbicular leaflets which are 
borne very near the base of the rachis, much nearer than 
in any other pinnate-leaved species in the orange sub- 
family (fig. 3-10). 

This remarkable species, called ketenggah 
in the Malay Peninsula, resembles Murraya pa- 
niculata in its general habit of growth and in 
its leaves, and even in the texture and color of its 
wood. These two species are sometimes confused 
by the natives under the name kemuning, which 
proper'y applies to Murraya paniculata. The 

owers of Merrillia are entirely different, and its 
fruits are still more unlike those of Murraya, so 
it stands out taxonomically as a strikingly dif- 
ferent plant obviously Belaneing to a distinct 
genus. 

This tree well deserves to be grown in 
greenhouses or out of doors in warm subtropical 
climates as an ornamental. When a small tree, 
3 to 3.5 m high, it flowers abundantly at frequent 
intervals, almost all the year round. Its curious, 
pendent, trumpet-shaped flowers, although not 
conspicuously colored, are attractive because they 
are produced in such abundance and are pleas- 
antly fragrant. 

In his notes following the original descrip- 
tion of Murraya caloxylon Ridley stated that it 
“is famous in the Malay Peninsula for its beauti- 
ful wood,” which “is of a bright yellow color 
ornamented with dark brown streaks and stains, 
fairly hard in texture and taking a good polish.” 
It is said to be highly prized by the Malayans for 
making walking sticks, kris handles, and other 
small objects. A British official made beautiful 
furniture, boxes, etc., out of the wood. Foxworthy 
(1927, p. 170) considered it a slow-growing spe- 
cies and thought that it would require about 
thirty years to reach commercial size. It is so 
rare in the wild state that any considexable sup- 
Ae wood would have to come from cultivated 

ts. 
This species, or one very closely related 
to it, has been found in northeastern Sumatra 
directly across the Malacca Strait from its habi- 
tat in the Malay Peninsula. Mr. B. A. Krukoff, 
in November-December, 1932, collected good 
fruiting material of this tree “in primary forests 
on ‘red’ soil” at Hoeta Padang, near Asahan, 
northeastern Sumatra (Krukoff, No. 4319, in Herb. 
Arnold Arbor.). Krukoff noted on the label “tree 
110 ft. [33.6 m] high,” i.e., nearly twice the height 
yet reported for M. caloxylon growing in the 
Malay Peninsula! An earlier collection made at 
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the same place in December, 1930, by Krukoff 
was from a small tree only 15 cm in diameter. 
Mr. C. G. G. J. van Steenis collected in 1932 a 
leafy branch of Merrillia at 120 m altitude on 
Mount Maligas, Simeloengoen, eastern Sumatra 
(van Steenis, No. b.b. 20415, in Herb. Arnold 
Arbor.). No other tree in the orange subfamily 
has been found to attain the height reported by 
Krukoff. If such giant trees produce wood as 
beautiful as the smaller form growing in the 
Malay Peninsula, it would be worth while to 
test them under cultivation. 


TRIBE I]. CITREAE: CITRUS AND 
CITROID FRUIT TREES 


The tribe Citreae includes Citrus and all 
of its near relatives as well as many more re- 
mote relatives that have not yet been hybridized 
with Citrus or grafted on it. The Citreae may 
be described as follows: 


Small trees or woody clambering lianas almost 
always with single or paired axillary spines at the nodes 
of the twigs; leaves persistent (except in three monotypic 
genera, Poncirus, Aegle, and Feronia), usually simple or 
1-3-foliolate (usually pinnately 3-foliolate with a short 
petiole and the middle leaf larger, but in Luvunga palm- 
ately 3-foliolate with a very long petiole) or sometimes 
odd-pinnate with strictly opposite pinnae; petioles often 
winged; flowers in axillary clusters, or in terminal or axil- 
lary panicles or corymbs; flowers white or greenish, usu- 
ally Pagaink calyx with 3-5 sepals or lobes; corolla im- 
bricate in aestivation, with 3-5 (rarely 6 petals; stamens 
2-4 or more times as many as the ines ovary 2-18-locu- 
lar, ovules 1-18 (usually 1-12) in each locule (22 or more 
in Burkillanthus); fruits usually orange- or lemon-like 
in external appearance, often small, sometimes small red 
or nearly black juicy berries; in the subtribe Citrinae the 
locules contain pulp-vesicles filled with juice but in the 
other two subtribes (Triphasiinae and Balsamocitrinae) 
the locules lack pulp-vesicles, but are usually filled with 
a mucilaginous gum; seeds with one or several embryos; 
if with several, only one (rarely two) is a true embryo, the 
others being false embryos that develop from nucellar 
buds that grow into the embryo sac; germination hypog- 
eous or epigeous. 


Almost all the species develop single or 
paired spines in the axils of the leaves of vigorous 
shoots, especially on young trees. The leaves are 
simple, unifoliolate, or trifoliolate in most of the 
genera, but a few genera, Hesperethusa, Fero- 
nia, Feroniella, and most of the species of Cit- 
ropsis have odd-pinnate leaves with the leaflets 
attached to the rachis in strictly opposite pairs 
(very different from the alternately attached 
leaflets of the tribe Clauseneae). Such odd-pin- 
nate leaves often have the petioles and the seg- 
ments of the rachis between the pairs of leaflets 
broadly winged. The rachis is articulated at the 
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point of attachment of each pair of pinnae and 
these articulated segments fall apart when the 
leaf finally falls off. The leaves of Luvunga are 
palmately trifoliolate with very long petioles and 
pulvini at the bases of the petiolules and of the 
petioles. Three genera, Poncirus, Aegle, and Fero- 
nia, have deciduous leaves; all the other genera 
have persistent (evergreen) leaves. The species 
with trifoliolate and unifoliolate leaves usually 
have winged petioles, whereas the species with 
simple leaves usually have wingless petioles, 
although the margins of the leaf blade are some- 
times decurrent on the petiole, for part of its 
length. The ovary has 2 to 18 or 20 locules, each 
with 1 to 18 ovules (22 or more in Burkillanthus) 
in each locule. The ovaries with 2 to 5 locules 
usually have one or two ovules in each locule 
(except in Burkillanthus); those with 6 to 18 
locules usually have 4 to 16 or even 18 ovules 
in each locule. The fruits are often small, but 
they are large or very large in Citrus and in 
Burkillanthus and in several of the genera of 
the subtribe Balsamocitrinae. 

In the course of an investigation of the 
vascular traces of all obtainable genera of the 
orange subfamily, Tillson (1938, pp. 12, 25; Till- 
son and Bamford, 1938, pp. 785, 789, 791) found 
that most of the genera of the tribe Citreae 
studied (21 out of 24) showed fusion of the bun- 
dles which arise from the axis and extend to the 
sepals and petals; “the sepal midribs carry out 
the lateral petal bundles fused to them, and in 
some species the lateral sepal bundles are fused 
in varying degrees to the petal midribs.” The 
three closely related genera Aegle, Afraegle, and 
Aeglopsis are without fusions of either kind. 
None of the many species belonging to the five 
genera of the tribe Clauseneae showed fusions 
of sepal and petal bundles. 

The tribe Citreae is distributed in south- 
eastern Asia and the Monsoon region to the 
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southeast as far as eastern Australia, New Cale- 
donia, New Guinea, and the Melanesian islands; 
also in tropical (and subtropical) mountainous 
regions in eastern, central, and western Africa. 
The tribe Citreae contains, as here treated, 
twenty-eight genera with 124 species, which fall 
very naturally into three subtribes. A key to the 
subtribes of Citreae is presented below. 


Subtribe 1. Triphasiinae: Minor 
Citroid Fruit Trees 

Small trees or woody climbers, usually with sin- 
gle or paired spines in the axils of the leaves, but often 
spineless; leaves pinnately 3-foliolate (palmately 3-folio- 
late in Lucunga), often 1-foliolate or even simple; fruits 
small, often orange- or lemon-like in appearance, rarely 
small red or black juicy berries; fruit locules without pulp- 
vesicles, but usually filled with mucilaginous gum; ovary 
subsessile or more or less stalked, borne on a disk or on a 
longer cylindrical gynophore with 2-5 (rarely 1) or even 
6 or 7 locules, and 1-6 or 8 ovules in each locule; fruits 
with gland-dotted peel, sometimes soft and_berry-like, 
usually firm and often resembling miniature oranges or 
lemons but always lacking pulp-vesicles. 


Most of the eight genera of the subtribe 
Triphasiinae contain species with one or two 
axillary spines. However, all four species of the 
genus Oxanthera are thornless and Wenzelia has 
six thornless species (also two with single spines 
and one with paired spines). All the species of 
this subtribe have persistent evergreen leaves 
but they vary greatly in the different genera: 
Wenzelia, Monanthocitrus, Merope, and Pam- 
burus have simple leaves with very short, wing- 
less, non-articulated petioles; Triphasia has pin- 
nately trifoliolate or simple leaves; Luvunga has 
palmately trifoliolate leaves with the leaflets 
attached by pulvinoid petiolules to a long petiole 
with a pulvinus at the base; Paramignya has uni- 
foliolate leaves with wingless petioles usually 
pulvinoid at the junction with the blade (the 
two last-named genera have petioles articulated 
with the leaf blade); Oxanthera has three species 


KEY TO THE SUBTRIBES OF CITREAE 


A Fruits large (5-15 cm diam.); rind thick, very hard and woody (if tough and leathery, then with ellipsoid fruits, 
longitudinally ribbed with lacunose locule walls and seeds covered with woolly paleae—the genus Swinglea); small 


or sometimes large trees. 


Subtribe 3. Balsamocitrinae: Hard-Shelled Citroid Fruit Trees (p. 401) 

AA Fruits not hard-shelled; sometimes rather coriaceous-rinded, but if so, then seeds glabrous. .................-2::scesseeeeeee B 

B Fruits often large (2-20 cm diam.); locule walls bearing sessile or stalked pulp-vesicles filled with juicy tissue; 
stamens 2-4 or more times as many as the petals, often cohering laterally more or less; small trees. 


Subtribe 2. Citrinae: Citrus Fruit Trees (p. 279) 


BB Fruits small (1-4 cm diam.); locules without pulp-vesicles, but usually containing mucilaginous gum; often or- 
ange- or lemon-like in appearance and yellow-orange, red, or green-vellow in color, or else red or black juicy 
berries; stamens twice as many as the petals (in Oxanthera 3-4 times as many); small trees or shrubs, or clam- 


bering woody vines. 
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with unifoliolate leaves with articulated petioles 
and one simple-leaved species with nonarticu- 
lated petioles. 

The eight genera of this subtribe are all 
native to an area partly superimposed on that 
in which the True Citrus Fruit Trees occur, but 
this area, instead of being barrel-shaped, is rather 
a long, obtuse-angled triangle with its acute apex 
cut off, having a land base in Asia extending 
about 4,600 kilometers from western India to 
southeastern China and Hainan Island and reach- 
ing some 10,000 to 11,000 kilometers to the south- 
east into Polynesia. This area falls mostly in the 
Monsoon region. Its middle portion is about 3,000 
kilometers wide from Sumatra to the Philippines 
and its blunted southeastern apex, which is 
bounded by New Caledonia and the Fiji Islands, 
is about 1,800 kilometers wide. 

Of the eight genera included in this sub- 
tribe, only two, Oxanthera and Monanthocitrus, 
have a very restricted range, Oxanthera being 
found only at the very point of the triangle, in 
New Caledonia (and near-by Art Island), and 
Monanthocitrus in west-central New Guinea. 
Merope (which has leaves and petioles resem- 
bling Wenzelia) occurs in brackish coastal swamps 
from northwestern New Guinea and Amboyna 
Island to the southwestern Philippines, Java, 
Malay Peninsula, Burma, and Bengal. Wenzelia, 
Merope, and Monanthocitrus all include New 
Guinea in their range and may possibly have 
originated there. These three genera and the 
related genus Oxanthera are the only ones in 
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the subtribe with more than two (4 to 8) ovules 
in each locule. The other four genera (all with 
one or two ovules in each locule) seem to have 
originated in southeastern Asia and to have spread 
a greater or less distance into the East Indian 
Archipelago: Triphasia and Luvunga range clear 
through to New Guinea; Paramignya ranges to 
Sumatra and the Philippines; whereas Pamburus 
has spread only as far as Sumatra, Java, and 
Borneo. 

The subtribe Triphasiinae contains three fairly 
distinct groups of genera, although most of the 
genera included differ strikingly from one an- 
other. Furthermore, within a given genus, the 
species are far from uniform, many of them dif- 
fering in characters usually considered to be of 
high taxonomic value. The genus Oxanthera, for 
example, has only four species, but they run the 
whole gamut of ovarial morphology: O. auran- 
tium has a hypomerous ovary with two locules; 
O. fragrans has an isomerous ovary with 5 to 6 
locules; whereas O. neo-caledonica has a hyper- 
merous ovary with seven locules. Several other 
genera in the subtribe have aberrant species and 
doubtless others will be discovered in the future. 
No other subtribe in the whole orange subfamily 
gives such strong evidence of containing species 
that have been for ages and probably still are 
rapidly evolving into new forms, new species, 
and new genera. 

The three groups of genera within the sub- 
tribe Triphasiinae are indicated below in the 
key to the genera and are described briefly in 


SHORT KEY TO THE GENERA OF THE SUBTRIBE TRIPHASIINAE 


AA Ovules 1 or 2 in each ovary locule; stamens twice as many as the petals...................scssssssssessssenessnsssssenesesenecenesenesenens E 
E Leaves 1- or 3-foliolate; petioles articulated with leaf blade and more or less pulvinoid at base and tip; clam- 
bering lianas with recurved spines (Luvunga group)). .......-.-::ssscsceeseeseeneseesnesssesssseeescsneeesnenenssnsaeseseeseueseseansaceeees F 


F Leaves palmately 3-foliolate; petioles very long 
FF Leaves 1-foliolate; petioles short.................-:++ 


bc ucalecteaestnaen gas cise asta cenemeberibesaenantona es (7) Luounga XII (p. 265) 
Ve rite eu muted cull teee insect eb steiea tthe (8) Paramignya XIII (p. 270) 


EE Leaves 3-foliolate or simple; petioles not articulated with blade; without pulvinoid structures on blade or peti- 


gle; small trees or shrubs; spines not recurved (Triphasia group). ....--...:-2-:::s:ccssessceeeeesseeeeeeeseeeeneseeeeaseecnsaeetseeneeeaes G 
G Ovules 1 or 2 in each ovary locule; spines paired; anthers linear but short; filaments slender, inflated at 
D502 esa teat hag san eet dy watennaste acon Racured Bites xt late eh dome ten ats (5) Triphasia X (p. 259) 


GG Ovules 2 in each ovary locule; spines single; anthers linear, long for size of flower; filaments slender, not 


inflated :Aat’ DASC és Stece cask vases es ateztons Gosek 
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2 a ahaa Nate Ae eabeae a ote tse snl: (6) Pamburus XI (p. 262) 
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the text. The Wenzelia group has four genera, all 
with more than two ovules (4 to 8, usually 6) 
in each ovary locule and long, simple or unifolio- 
late leaves, with very short nonarticulated peti- 
oles except in. Oxanthera. The Triphasia group 
contains two genera, the species of which are 
all small trees or shrubs with short nonarticulate 
petioles. Two species of Triphasia have simple 
leaves and one has trifoliolate leaves; the other 
genus in the group, Pamburus, has simple, semi- 
coriaceous thick leaves. The Luvunga group has 


two genera, both woody lianas that clamber over - 


trees by means of recurved or hooked spines, with 
small or medium-sized ovate or subglobose fruits 
that look like miniature limes. 

The remote ancestors of our cultivated 
citrus trees doubtless were very like some of the 
plants now found in this subtribe. Doubtless 
several tens of millions of years have elapsed, 
however, since the subtribe Citrinae arose from 
some ancestral species similar to those now 
classed in Triphasiinae. 

The forty-six species known in Tripha- 
siinae make it the second largest of the three 
subtribes in the tribe Citreae. It contains the 
nearer wild relatives of our Citrus Fruit Trees, 
all of which should be introduced into culture, 
studied, tested and utilized as rootstocks or in 
other ways by citrus growers and citrus experts 
the world over. It is noteworthy that no fewer 
than twenty-nine species (nearly three fifths the 
total number!) have been described as new and 
also that three of the eight genera have been 
established since 1900. As the rich flora of the 
Monsoon region is more and more actively as- 
sembled by competent collectors and studied by 
expert taxonomists, there is good reason to expect 
that many more species and doubtless some new 
genera will be discovered in the future. 


GROUP A. THE WENZELIA GROUP 


The Wenzelia group consists of four gen- 
era: Wenzelia, Monanthocitrus, Oxanthera, and 
Merope. The first three have six ovules in each 
ovary locule and the last one has four ovules to 
each locule. The leaves of the plants of all four 
genera are simple or unifoliolate. Wenzelia, 
Merope, and Monanthocitrus all occur in New 
Guinea and are closely related genera. Oxan- 
thera, found in New Caledonia, in spite of its 
long isolation in both time and space, is still ob- 
viously related to Wenzelia. Merope has leaves 
very like those of Wenzelia and Monanthocitrus, 
but each ovary locule, so far as known, contains 
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four (or by abortion two?) ovules and its curious 
flattened seeds, the largest known in the orange 
subfamily, are of unusual shape, being more or 
less caudate. Merope is doubtless an early off- 
shoot from an ancestral form of the Wenzelia 
group. Wenzelia and Monanthocitrus differ great- 
ly from all the other Minor Citroid Fruit Trees 
in having large leaves with extremely short 
petioles not articulate with the leaf blade. 

In Oxanthera the leaves, the ovaries, and 
the stamens have varied from the primitive pat- 
tern found in Wenzelia and Monanthocitrus. In 
Merope the seeds have evolved along new lines; 
in Monanthocitrus the seeds have continued to 
evolve along lines shown by certain flat-seeded 
species of Wenzelia until they now show charac- 
ters found nowhere else in the orange subfamily. 
Clymenia, a True Citrus Fruit Tree, has leaves 
very like those of Wenzelia but the fruit shows 
stalkless pulp-vesicles that pave the way to 
Citrus. 

All the plants of the Wenzelia 
be studied attentively to throw all 
sible on the origin of Citrus. 


oup should 
e light pos- 


Vi. Wenzelia Merr. 


VI. Wenzelia Merr. Phil. Jour. Sci. Bot. 
10:272. 1915. 


Type species.—Wenzelia brevipes Merr., from 
Leyte Island, Philippines (Wenzel, No. 998). Herb. Bur. 
Sci., Manila. 

Distribution.—Southern Philippines, New Guinea, 
Bougainville Island, Solomon Islands, Fiji Islands. 

Common name.—Wenzelia. 

Shrubs with unarmed twigs or with single or 
paired spines in the leaf axils; leaves large (7-28 cm long), 
oblong or lanceolate; petioles very short (2-5 mm long), 
heh re but channeled above, not clearly articulated with 
the leaf blade; flowers often very large; solitary in the axils 
of the leaves, white; calyx 5-lobed; petals 5, oblong- lanceo- 
late or ovate, obtuse or subacute, glandular-punctate; sta- 
mens 10, free, anthers long; ovary oblong-ellipsoid, 4-5- 
locular with 6 (or sometimes 8) ovules in each locule, nar- 
rowed below into an annular or shallow cupulate disk; 
fruit obovoid or ellipsoid, 3-5 cm long, with coriaceous, 
glandular iba segments containing mucilage without 
pulp-vesicles. 

The Wenzelia genus is very different from all 
the other Minor Citroid Fruit Trees of the sub- 
tribe Triphasiinae except Monanthocitrus in hav- 
ing large, or very large, simple leaves, with very 
short wingless petioles not articulated with the 
leaf blade, and in having six or eight ovules in 
each locule of the ovary. The fruits are ellipsoid 
and the locules contain several seeds (up to six 
or eight) immersed in a mucilaginous material 
in young fruits. 
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Nine species of Wenzelia are known, six 
from New Guinea, one from the southern islands 
of the Philippines, one from the Solomons, and 
one (the easternmost large-seeded member of 
the orange subfamily) from Fiji. Seven of the 
species fall into two groups constituting the two 
subgenera described below, leaving two species 
still inadequately known and of uncertain re- 
lationships. 

Wenzelia is the largest and most widely 
distributed of the six genera limited to the south- 
ern of the Monsoon region, Melanesia, and 
the Fiji Archipelago, the southeastern area of dis- 
tribution of the orange subfamily. Three of these 
six genera, Clymenia (Bismarck Archipelago), 
Monanthocitrus (New Guinea), and Eremocitrus 
(northeastern Australia), are monotypic; Oxan- 
thera (New Caledonia) has four species; Micro- 
citrus (northeastern Australia and southern New 
Guinea) has six species; and Wenzelia (the Philip- 
pines, New Guinea, the Solomons, and Fiji) has 
nine species! 

A striking proof of the recent rapid ad- 
vance of our knowledge of Citrus relatives is 
provided by the fact that all the nine species 
now constituting the genus Wenzelia have been 
described since 1900. The first species was pub- 
lished in 1901, the second in 1910, the third in 
1915 (when the genus Wenzelia was established), 
a fourth in 1918, and the other five were de- 
scribed early in 1940 (see Swingle, 1940a). 

It is very probable that still other species 
of Wenzelia will be found when New Guinea, 
the Spice Islands (the Moluccas), and the Mela- 
nesian islands to the east of New Guinea are 
explored more thoroughly. Keys to the subgenera 
and species of Wenzelia are presented below. 


Subgenus Wenzelia 


Subgenus Euwenzelia Swing. in Webber & 
Batchelor, Citrus Indus. 1:216. 1943. 

This subgenus includes Wenzelia brevipes, 
W. tenuifolia, and W. kambarae. These species 
occupy the two extremes of the area of distribu- 
tion of the genus, as well as a midway location 
in New Guinea: W. brevipes (the type of the 
subgenus) is native to the southern islands of 
the Philippines, W. kambarae to the Lau Group 
of the Fijis, and W. tenuifolia to southeastern 
New Guinea. 

These species probably resemble the an- 
cestral type of the subgenus Wenzelia, whereas 
those of the subgenus Papualimo represent a 
more highly specialized type of later origin. 
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1. Wenzelia brevipes Merr. Phil. Jour. Sci. 
Bot. 10:272. 1915. 

Type.—Leyte Island, Buena Vista near Jaro, 
Philippines (Wenzel, No. 998). Herb. Bur. Sci., Manila. 

Distribution.—Southeastern Philippines: Leyte, 
Samar, and Bohol islands and eastern Mindanao Island. 

Common name.—Philippine wenzelia. 

Merrill’s original extended description in English, 
following the Latin diagnosis, reads as follows: “An erect, 
glabrous, unarmed shrub about 1 m high, the trunk about 3 
cm in diameter. Branchlets slender, terete, greenish-oliva- 
ceous when dry. Leaves alternate, simple, presenting no in- 
dication of a joint between the lamina and the petiole, firm- 
ly chartaceous to subcoriaceous, oblong, pale when sot 
shining, 14 to 25 cm long, 5.5 to 6.5 cm wide, distinctly 
glandular-punctate, entire, apex acuminate, base obtuse to 
rounded; lateral nerves about 10 on each side of the mid- 
rib, prominent on the lower surface, arched-anastomosing, 
the primary reticulations lax, prominent; petioles 2 to 4 mm 
long. Flowers white, fragrant, axillary, solitary, their pedi- 
cels about 1 cm long with 2 basal, oblong-ovate, 2 mm 
long bracteoles. Calyx 5 to 6 mm long, cup-shaped or 
somewhat campanulate, 5-lobed, glandular-punctate, the 
lobes very broadly ovate, rounded, about 2 mm long, 
wider than long. Petals 5, imbricate, up to 3.4 cm long 
and at least 8 mm wide, oblong-oblanceolate, obtuse, nar- 
rowed below, prominently glandular-punctate. Stamens 
10, free; filaments linear, 1.4 cm long, equal, rather slen- 
der, cylindric; anthers oblong, basifixed, 2-celled, about 
3.8 mm long. Disk somewhat cup-shaped, 1.5 mm in 
diameter, forming a short gynophore. Ovary oblong-ellip- 
soid, glandular, aout 4 mm long and 2.5 mm in diameter, 
4- or 5-celled, narrowed below into the 2 to 3 mm long 
stalk, and above into the cylindric style, which is about 9 
mm long, continuous with the ovary, ultimately deciduous; 
stigma subcapitate, very obscurely lobed; ovules 6 in 
each cell, 2-seriate, axile. Fruits obovoid, 3-4 cm long, 
base narrowed, the pericarp coriaceous-fleshy, glandular; 
seeds few, apparently 3 or 4 in each fruit, the cotyledons 
thick, fleshy, oblong-obovoid, about 1.5 cm long and 1 
cm wide.” 

Some of the later collections show broader 
leaves than those of the type specimen described 
by Merrill. For example, a specimen from Bohol, 
collected by M. Ramos (No. 43189), has leaves 
13.0 to 17.5 by 6.5 to 8.5 cm, acuminate at the 
tip, broadly rounded or even slightly cordate at 
the base, petioles very short, 4 to 5 mm long, 
2 to 2.5 mm in diameter, more or less longitudi- 
nally rugose, not articulated with the leaf blades; 
flower buds single, axillary, 15 by 4 to 5 mm, 
pedicel 1 cm long, slender (0.6 to 0.8 mm diam. 
at base, 1 to 1.3 mm diam. at tip). 


la. Wenzelia brevipes var. alabatensis 
Swing. Jour. Arnold Arbor. 21:16. 1940. 

Type.—Philippines, Alabat Island (Ramos and 
Edano, No. 48054, Bur. Sci.). Herb. Arnold Arbor., Harv. 
Univ., Cambridge. 

Distribution.—Known only from type locality. 

Leaves narrow (22-28.5  5-6.6 cm), much nar- 
rower than those of the species; oil glands less conspic- 
uous, especially on lower surface. 
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KEY TO THE SUBGENERA OF WENZELIA 
A Seeds large, 15-24 mm long, thick or somewhat flattened, but never having thin, more or less torn, or irregular, 


membranous margins. .................2..ccesescseceeeeseeeeeeeeeeeeseseeee 


Sa ease A clctael Cee ie eet Subgenus Wenzelia 


AA Seeds small or medium-sized, 9-17 mm long, thin and usually flat, the free edges of the seeds bearing very thin, 


more or less torn membranous margins. .....................++-+ 


eid aaah antabuse Coat atta Nas Sadat Subgenus Papualimo 


KEY TO THE SPECIES OF WENZELIA 
A Seeds large (15-24 x 10-15 X 3.5-12 mm), more or less flattened but, if flattened, then with an even, rather thick 


edge (never paper-thin or lacerated). (Subgenus Wenzelia.) 


BOOMS e oH SESS EET ES HOTS SS SEES EETERSE STOO SES SOT SER HEASHESSOESSSESSSESESSH TSS SCSESEESELES B 


B Seeds large, thick (18-24 x 12-15 mm); leaves varying greatly in size, 6-21 X 3-9 cm, bluntly pointed or 
rounded at apex; fruits subglobose, 2.5—4 cm in diam. (Fiji, Lau Group) ..............-2-.ssseseceeeeeeeeees 3) W. kambarue 


BB Seeds medium-sized, more or less flattened. ............ 


Swe ee meee eer meena eves eeEasreses eS eSesecrenescasrenressseseseeseSsSeseseesseeseseseuseseacsesseseun C 


C Fruits obovoid, leaves oblong-lanceolate, short-acuminate at apex, 14-28 x 5.5-8.5 cm, 4-4 as wide as 


long. (Southern Philippines.) ...............000000.0. 


area sete tae cmratas aalcn tinea atta Perec toc een ae aes 1) W. brevipes 


(Leaves longer and narrower, long-elliptical, acuminate at the apex, 22-28.5 x 5-6.6 cm, 4-% as wide as 


long. (Philippines, Alabat Island.) ...................... 


Piciveuph cette Be tt ade Mtn adele Talla la) W. brevipes var. alabatensis] 


CC Fruits short-ovoid; leaves very thin, medium-sized (10-13 x 5-7.2 cm), broadly elliptical, broadly rounded 

or irregularly emarginate at apex; seeds large, somewhat flattened, often wedge-shaped (17-19 x 12-15 x 

3.5-5 mm). (Southern New Guinea, at high altitudes.) -.............2......c cesses eeeeseeeeeeenseneeeseeeees 2) W. tenuifolia 

AA Seeds medium-sized or small, very thin (9-17 x 6.5 X 1-3 mm), tapering into a very thin, more or less torn mar- 


gin. (Subgenus Papualimo.) ............2....:::cceeseeeeeeseeeeeeeeene 


Fenn eecr att erenesceresrrwanesesesteseesresseasecccescesusceneseceeserecseseeBaseeseeseanaoeseeseene D 


D Fruits depressed-globose, with 5 (or 4?) bulging locules (bluntly star-shaped in cross section); leaves ovate- 
lanceolate or lanceolate, somewhat abruptly acuminate at apex, margins entire or shallowly crenulate; seeds 
often bent or deformed by pressure, up to 6 or 8 in a locule. (Eastern New Guinea.) .......... 7) W. archboldiana 

DD Fruits ovate or more or less acuminate at apex, never depressed-globose. ................2....::sccsccsseeeeseeee eeceeceeceneeees E 
E Branches with single, axillary, stout, short spines; leaves small (7-14 x 2-7 cm), lanceolate, narrowed to 
a slightly acuminate apex but acumen blunt and emarginate; fruits more or less pointed at apex. (North- 


eastern New Guinea.) ..................2.ccsceececeeeeeeeeees 


ete Cee salean atateea te eee c ti oa.t ses ahs aeea cues 5) W. 


EE Branches spineless; seeds flat, very thin, not bent or deformed. ............0.........sessssseseeseseeseeeeseceesesensenssseneeees F 
F Fruits pink or red, subglobose or ovate, pendent singly at ends of fruiting branches; leaves elongate- 
elliptical, 10-20 x 2.5-5.5 cm, acuminate-caudate, crenulate or denticulate. (Southeastem New 


Guinea.) 


SSSA SOT SSH SEHEHESEHSSSHHES SOSH EHH HEE HEHEEHEHHEESESHE DEDEDE EOEO 


sasate cae waid it lrarteesce tne Nd titel os ets ec tose 4) W. platysperma 


FF Fruits not pink or red, 4- or 5-angled, pedicels short (4-6 mm); leaves lanceolate-acuminate, medium- 
sized (10-16 x 3.5-5 cm). (Solomon Islands.) .....................cccsseeeeseeseseceessssssceeccescceeeceees 6) W. melanesica 


AAA Seeds unknown; branches with single or paired axilliary pian (Inadequately known oeaar not yet assi 


ed to 


either subgenus. All other species of Wenzelia have spineless branches except W. paludosa, belonging to the sub- 
genus Papualimo, which has single, short, stout, axillary spines and thin, flat seeds.) ..................--:.sssssesseeeeeeseeeeerees G 
G Twigs with paired axillary spines; flowers very large, petals 35 x 11 mm; leaves coriaceous, margins crenu- 


late-dentate. (Central-western New Guinea.)........ 
GG Twigs with single axillary spines or 2 eee leaves attenuate-lanceolate, acumen sharply 
y at right angles (75°-85°) to the midrib; fruits ovate, bluntly pointed 


veins numerous (14-18), arising near 


ed de sovaceeesueatcestiegeae ea beat tab et Seaenes ats hea 9) W. grandiflora 


inted; lateral 


at apex. (Northeastern New Guinea.) .................0:sssssessssessesseeteesseessessseessesessenssessesscenasesesenees 8) W. dolichophylla 


This variety occupies the northernmost 
point of the range of the species W. brevipes. 
Like the species itself and like all other species 
of the genus Wenzelia, it is native in an island 
on the western boundary of the Pacific Ocean. 
There is some variation in the shape of the leaves 
in the species of the genus Wenzelia, but no other 
species shows so extreme a variation as that 
represented by this variety with its extremely 
long and narrow leaves, also peculiar in their 
less conspicuous oil glands. It may prove to be 
an extreme form connected with the typical form 
of the species by intergradations. 

2. Wenzelia tenuifolia Swing. Jour. Arnold 
Arbor. 21:14. 1940. 

Type.—Southeastern New Guinea, Papua, Boridi, 
forests, alt. about 1,220 (or 3,353) meters, “c[irca] 4,000 


for 11,000] feet” (C. E. Carr, No. 14881, 2 branches, 1 
fruit, February 1, 1935). Herb. Bot. Mus., Berlin-Dahlem; 


Google 


photographs and serial microtome sections, Herb. Natl. 
Arbor., Washington, D.C. | 
Distribution —Known only from the type locality. 


A spineless shrub, 2 m high; ultimate branches 
slender, 1.1-1.8 mm in diam., internodes 2-3 (rarely 5) 
cm long; leaves very thin, brittle when dry, more or less 
broadly elliptical 10-13 cm long including petiole, 5-7.2 
cm wide, apex bluntly rounded and often imperfectly de- 
veloped, the very tip being stunted and more or less torn, 
sometimes more or less irregularly emarginate, broadly 
cuneate at the base, margins entire, lateral veins, 10-12 
pairs, arising at angles of 65°-80° with the midrib, peti- 
oles 4-6 x 1-1.1 mm; fruit ovate, 3.5 cm long, 3 cm 
broad, 5-loculate, radial locule walls thin, 1-1.5 mm thick 
but expanding into a thick rib of tissue running longi- 
tudinally in the fruit, more or less triangular in cross sec- 
tion, 4-7 mm in radial thickness, dorsal locule walls onl 
1-2 mm thick midway between the radial walls; al 
dull brown, ovate, compressed, 17-19 x 12-15 X 3.5-5 
mm, more or less wedge-shaped, with a faintly, more or 
less concentrically marked and corrugated edge, 1-2.2 
mm wide and 1-1.5 mm thick, on one side of the seed, 
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with faint markings 0.2-0.4 mm apart, 1-4 in a locule, 
often occurring in closely approximated pairs; embryo 
monoembryonic. 

This species was known to Swingle only 
from the rather scanty type specimen, but it is 
so evidently distinct from all the other known 
species that he had no hesitation in making it 
a new species. It is somewhat of a apres 
link between the two subgenera Wenzelia an 
Papualimo but apparently falls in Wenzelia, as 
the seeds lack the paper-thin, more or less torn 
membrane along the free margins of the seeds 
found in the species of the subgenus Papualimo. 


The fruits of W. tenuifolia are circular in 
cross section and show five more or less triangu- 
lar peripheral ribs at the distal ends of the radial 
locule walls, which fill the spaces between the 
strongly bulged dorsal locule walls. In striking 
contrast to this species, W. archboldiana has 
fruits which are bluntly star-shaped in cross sec- 
tion because of the absence of any tissues filling 
the interlocular furrows. 


The collector's label on the type specimen 
is a carbon copy (the original label was doubtless 
used for another specimen of the plant). The 
altitude given on the label apparently reads “c. 
11,000 feet” but may possibly be “c. 4,000 feet.” 
If the altitude is 4,000 feet (1,220 meters), it 
would be far above the usual upper limit for 
the aurantioid plants in New Guinea (about 
300 meters, or 984 feet). If the altitude is 11,000 
feet (3,353 meters), it would equal the highest 
altitude as yet reported for any rutaceous plant 
from New Guinea.® 


As all the other species of Wenzelia grow 
at low altitudes in tropical regions, it will be of 
interest to learn more about the distribution of 
W. tenuifolia. Perhaps its curious unusually thin 
leaves may be adapted for growth in very humid 
locations, such as occur in the cloud belts of 
mountains. 


3. Wenzelia kambarae Swing. Jour. Arnold 
Arbor. 21:12. 1940. Atalantia sp. Albert C. Smith, 
Fijian Plant Studies Bul. 141: 77. 1936. Illus. 
Swing., loc. cit. pl. 3, figs. 6-8. 

Type.—Fiji Archipelago, Lau Group, Kambara 
Island, limestone formation, alt. 10-100 m (A. C. Smith, 
No. 1265). Herb. New York Bot. Gard. 

Distribution.—Fiji Archipelago: Lau Group, 
Kambara Island (A. C. Smith, Nos. 1265 and 1293), and 
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Naiau Island (Zimmerman). Herb. Natl. Arbor., Washing- 
ton, D.C. 

Common name.—Fiji wenzelia (or moli moli). 

A spineless shrub or slender, small tree, 4-7 m 
high, trunk 4-8 cm diam., twig slender, 1-3 mm diam., 
glabrous, at first green but soon eae light brown 
and showing numerous irregular, more or less anastomos- 
ing, longitudinal, very narrow ridges; leaves thin, char- 
taceous, oblong to elongate-elliptical, varying consider- 
ably in size and shape, 6-21 x 3-8.5 cm, bluntly pointed 
or rounded at apex, broadly cuneate or rounded at base, 
margins entire or irregularly and shallowly crenate (Zim- 
merman’s Naiau material), lateral veins very distinct on 
under surface, less distinct above, 8-13 on each side 
arising at rather widely varying angles (60°-80°) with the 
midrib, branching Sichotomausly at 34-44 of the distance 
to the margin, petioles 5-7 x 1.5-2 mm, tapering into 
the leaf blade with a very shallow channel on the upper 
side formed by the decurrent leaf margins, games on old 
leaves often brownish and irregularly ridged or rugose, as 
is the midrib on the lower surface; flower buds (coll. by 
Zimmerman, Naiau Island, very young) 2.5 xX 2 mm, 
borne on slender pedicels 8-9 mm long, bearing several 
minute pointed bracts on the lower pots fruits orange 
colored, 3-4 cm diam., 3- (or 4-?) locular with a gland- 
dotted but smooth peel, borne on pedicels 14-16 xX 1.8 
mm, with a cylindrical carpophore 1.2-2.5 mm long be- 
tween the persistent calyx and the base of the fruit; seeds 
very large, ovoid, 18-25 x 12-15 mm, testa smooth, 
shiny, cream-colored, embryos 1 or 2 (sometimes more?), 
greenish-colored. 

This species is the easternmost large- 
seeded Citrus relative that occurs on any Pacific 
island. Its seeds are so large that it is improbable 
that they would have been carried to Fiji by 
birds, especially since the fruits contain no pulp 
and little if any a fa matter. It is highly 
probable that the moli moli reached the Fiji 
Archipelago from the center of origin of the 
genus Wenzelia (probably New Guinea) by slow- 
ly spreading eastward over dry land, a migra- 
tion that probably required millions of years to 
accomplish. Its nearest known relative is W. 
melanesica, native to Bougainville Island in the 
Solomons, about 1,800 kilometers to the west- 
northwest. That dry land once extended from 
the west as far east as Fiji in the early Tertiary 
epoch is considered certain by some geologists 
(Brock, 1924, p. 75). 

Dr. Edward C. Zimmerman, who obtained 
flower buds of this plant by “shooting” the 
dangerous surf on the atoll surrounding Naiau 
Island, thus making identification possible, wrote 
Swingle that the natives of the Lau Group know 
the plant well by the name moli moli; further- 


3 C. Lauterbach (1918, p. 221) gives the Aurantioideae as having an altitudinal limit of about 300 meters in 
New Guinea, but reports that several genera of the Toddalioideae and Xanthoxyleae are found growing in cloud and 
fog belts of the mountains at 800 to 1,500 meters altitude and that three species of Acronychia occur at altitudes of 


from 2,700 to 3,300 meters. 
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more, they told him that there were pink and 
red flowers, perhaps in different stages of de- 
velopment (all other Wenzelia flowers so far ob- 
served are white). The trees on Naiau Island 
were taller (5 to 7 m) than those reported from 
Kambara Island (3 m), but the leaves of the 
Naiau plants were much smaller (6 to 10 by 2.5 
to 5 cm) than those of one of the collections 
(A. C. Smith, No. 1265) from Kambara (11.5 to 
21 by 4 to 8.5 cm). However, another collection 
from Kambara Island (A. C. Smith, No. 1293) 
shows smaller leaves (8 to 12 by 2.5 to 5 cm). 
Probably W. kambarae is a variable species show- 
ing many forms. 


Subgenus Papualimo 
The subgenus Papualimo includes four 


species, W. platysperma (the type of the sub- 
genus) W. paludosa, W. melanesica, and W. arch- 
boldiana, all native to New Guinea or the Solo- 
mon Islands to the eastward. 

Wenzelia paludosa (Lauterb.) Tan., which 
has very thin seeds (only 1 to 2 mm thick), almost 
certainly falls in the subgenus Papualimo, al- 


though nothing is known about the margination © 


of the seeds, a striking character of the other 
species of this subgenus. 

The species constituting the subgenus 
Papualimo represents a striking new evolutionary 
tendency as shown in the development of thin 
seeds with very thin, laciniate membranous mar- 
gins—seeds that differ widely from the ancestral 
type of the genus Wenzelia and from all the 
other genera of the orange subfamily. This evo- 
lutionary tendency has apparently reached its 
highest development in the very strange mono- 
typic genus Monanthocitrus, also native to New 
Guinea, which has still thinner, still more elabo- 
rately margined seeds. The seeds are also spotted, 
unlike those of any other species known in the 
orange subfamily. 


4. Wenzelia platysperma Swing. Jour. 
Arnold Arbor. 21:11. 1940. Illus. Swing. loc. cit. 
pl. 3, figs. 4, 5. 

Type.—New Guinea, Papua, Palmer River, 2 
miles below junction of Black River, alt. 100 m, flood- 
plain forest undergrowth (L. J. Brass, No. 7111, branch 
with fruit), Herb. Arnold Arbor., Harv. Univ., Cam- 
bridge; also found in the ridge forest undergrowth at the 
same locality (Brass, No. 7025, branch with fruit), Herb. 
Amold Arbor. 

Distribution.—Known only from the two above- 
cited collections, made very close together. 

A thornless, loosely branched, small tree, 3m 
high; twigs slender, 1-2 mm diam., internodes 2-3 cm long, 
often bent slightly at each node alternately to the right 
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and left, glabrous or very minutely and sparingly pubes- 
cent; leaves chartaceous, elongate-elliptical, 10-20 x 2.5- 
5.5 cm, acuminate or caudate at apex, cuneate, or broadly 
rounded at base, margins irregularly crenulate (and also 
denticulate in Brass No. 7025), lateral veins 12-14 on 
each side, arising at angles of 70°-80° with the midrib, 
branching dichotomously at 4-% of the distance to the 
margin, petioles very short, 3-4 x 1.4-1.8 mm (140-10 of 
the length of the leaf blade), with a shallow channel on 
the upper side; flowers not seen, calyx persistent, sub- 
tending the fruit, deeply lobed, lobes 2 x 2 mm, broadly 
rounded, minutely puberulent (glabrous and apparently 
slightly fleshy in Brass No. 7025); fruits cabal bees or 
ovate, 4-4.8 x 3.5 cm, 4-locular (?), reddish or pink, 
borne singly on a slender pedicel 10-12 mm long, arising in 
the axil of the uppermost leaf; seeds flattened, light brown, 
12-15 x 7-9 x 2-3 mm, testa rugose on edges or else 
tapering into irregularly shaped extensions with somewhat 
torn margins, monoembryonic, cotyledons greenish. 


This remarkable species is known only 
from two single fruiting twigs. Both collections 
show zigzag slender twigs each with a single 
fruit borne in the axil of the uppermost leaf. 
The seeds are even flatter than those of W. arch- 
boldiana, but otherwise they are much the same. 
The globose or ovate, pink or reddish, gland- 
dotted, aromatic fruits hang down at the ends 
of the fruiting branches. There is no trace of 
pulp or mucilage between the crowded seeds 
that lie lengthwise in the carpels. 


5. Wenzelia paludosa (Lauterb.) Tan. Jour. 
Arnold Arbor. 9:139 1928. Citrus paludosa Lau- 
terb. Bot. Jahrb. 55:263. 1918. 


ee New Guinea, in swampy 
primeval forest with sago palms and rattan at mouth of 
Sepik River (Ledermann, Nos. 7173 [flowers] and 7507a 
{fruits]). Herb. Bot. Mus., Berlin-Dahlem. 

Distribution.—Northeastern New Guinea: known 
only from the Sepik River. 

The original description of Lauterbach, trans- 
lated, reads as follows: “Shrub or small tree, with smooth, 
slender, terete branches, and stout solitary spines; petioles 
short, caniculate above; leaves lanceolate, eradually nar- 
rowly acuminate, acumen obtuse, emarginate [at the tip], 
slightly rounded or subacute at base, chartaceous, gla- 
brous on both sides, opaque, dull green when dry, 12-14 
lateral veins, oblique, dividing near the margin, many [of 
them] arched-anastomosing, prominent above when dry 
like the midrib, margins undulate-crenate, minutely sub- 
denticulate ; flowers axillary, solitary; calyx 5-lobed, lobes 
ovate, rounded, ciliate; petals 5, ovate, subacute, glandu- 
lar on outer side; stamens 10, filaments free, anthers 
linear; disk annular; ovary flask-shaped, locules many- 
seeded; style thick, stigma 5-lobed; fruit ovate, subacum- 
inate, exocarp moderately thick, Jahns pulp scarcely 
visible; seeds up to 6 in each locule, irregularly triangular 
or quadrangular, much flattened, testa white, coriaceous, 
slightly rugose. 

“Shrub, 1-2 m high, or small tree, with light 
gray bark. Branches 2-3 mm_ thick; petioles 2-5 mm; 
leaves 7-14 cm long, 2-5 cm wide; spines 10-12 mm; 
Hower pedicel 6 mm. There are only 2 not fully developed 
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[flower] buds that measure 3 mm. Fruit pedicel 10 mm; 
the ripe fruit, which smells like an orange, is 4 cm long 
by 3 cm diam.; the seeds 10-12 mm long, 1-2 mm thick. 


A later collection (Ledermann, No. 12252) 
was made at a hill camp on the Sepik River. The 
e specimen showing fruits (Ledermann, No. 
7507a) has pedicels of the young fruits 10 to 12 
mm long and unusually slender for a species of 
Wenzelia, being only about 0.5 mm in diameter 
in the middle, oe ale g to about 1 mm at the 
base and also at the top where it bears the calyx 
without any gradual expansion into the funnel- 
shaped base of the calyx as in W. melanesica. The 
young fruit is ellipsoid, 14 by 5 mm, narrowed 
into a slender stalk at the base, 3 mm long by 
1.5 mm thick, and attenuate at the apex into a 
beak about 2 mm long and 1 mm wide. The 
seeds are flattened, as are those of W. platy- 
sperma and W. archboldiana from the eastern 
half of New Guinea and W. melanesica from the 
Solomons, but unfortunately it is not known 
whether they are margined or not, and if so 
with what kind of a margin. The petioles are 
very short, 3 to 4 mm long and 1.5 mm wide, 
with a shallow channel on the upper side that 
is broad at the tip and narrows regularly toward 
the base. The lateral veins arise at a highly 
variable angle (40° to 65°) with the midrib, and 
branch dichotomously at from slightly less than 
one half to nearly three fourths of the distance 
from the midrib to the margins of the leaf. 
This species seems to be clearly distinct 
from all the others in the genus. 


6. Wenzelia melanesica Swing. Jour. Ar- 
nold. Arbor. 21:9. 1940. Illus. Swing. loc. cit. pl. 
2, figs. 6-8; pl. 3, figs. 1-3. 

Type.—Solomon Islands, Bougainville Island, 


Kugu-maru, Buin (Kajewski, No. 1907a). Herb. Arnold 
Arbor., Harv. Univ., Cambridge. 


Distribution.—Known only from the type locality. 


Small thornless tree (up to 7 m); twigs glabrous, 
slender, 1-2.5 mm diam.; leaves thin, chartaceous, gla- 
brous, elliptical, with very numerous minute oil glands 
evenly distributed over the whole surface, acuminate at 
the apex, which ends in a sharp point, broadly and evenly 
sonnel at base, 10-16 x 3.5-5.5 cm, margins entire or 
slightly crenulate; lateral veins clearly marked below, 12- 
15 pairs, arising at a large angle (70°-80°) with the mid- 
rib; petioles very short, 4-5 x 1-1.3 mm, glabrous, not 
articulated with the blade, with a narrow, very shallow 
channel on the upper side, the walls of which connect 
with the leaf margins; flowers solitary or in small groups 
(2-3) in the axils of the leaves, pedicels with a few sparse, 
short hairs, short (4-6 mm), with very small ciliate Back 
at the base, slender, expanding gradually into the funnel- 
shaped calyx; calyx 4-5-lobed, lobes broadly rounded or 
very bluntly pointed, 1.3-2 mm long, 1.5-2 mm wide, and 
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increasingly short-pubescent toward the margins, which 
are abundantly short ciliate; corolla with 4-5 petals (im- 
mature in type specimen), showing (in the bud) numerous 
oil glands evenly distributed; stamens 8-10; pistil imma- 
ture, ovary with 4-5 locules, each with 6 ovules; fruits 4- 
5 angled, tapering to a sharp point at the apex, 4.5 cm 
long, 2.3 cm wide, peel showing numerous, evenly distrib- 
uted, small (0.1-0.2 mm), slightly sunken oil glands; seeds 
thin, flat or nearly so, ovate in outline, 9-13 x 6.5-9 X 
1.5-2 mm, dusky gray, very thin at the edges, with a 
lighter colored, narrow, usually subentire, marginal mem- 
brane; embryo monoembryonic. 


This striking species of Wenzelia extends 
the range of the subgenus Papualimo from New 
Guinea to the Solomon Islands (Long. 156° E.). 
It resembles most closely W. archboldiana from 
New Guinea but differs from it in having 4- to 
5-angled fruits tapering into a sharp point. 


7. Wenzelia archboldiana Swing. Jour. 
Arnold Arbor. 21:7. 1940. Illus. Swing. loc. cit. pl. 
2, figs. 1-5. 


Type.—British New Guinea, lower Fly River op- 
eer Sturt Island in rain-forest (L. J. Brass, No. 8038, 
ruiting branches). Herb. Armold Arbor., Harv. Univ., 
Cambridge. 

Distribution Southeastern and eastern New 
Guinea. In addition to the type, two other collections from 
northeastern New Guinea were seen: Morobe district, 
Ulap, 610 m alt. (Clemens, No. 6613, flowering branches), 
Herb. Natl. Arbor., Washington, D.C.; and Morobe dis- 
trict, above Sattelberg (J. and M. S. Clemens, No. 1057, 
branches with young fruit), Herb. Bot. Mus., Berlin-Dah- 
lem. 

Common name.—Archbold’s wenzelia. 


A thornless shrub or small tree, 3-5 m high; twigs 
glabrous, 2-4 mm diam.; leaves ovate-lanceolate or lance- 
olate, 16-22 x 7-9 cm, more or less abruptly acuminate 
at apex, cuneate at base, margins entire or slightly crenu- 
late, lateral veins 10-14 on each side, arising at angles of 
60°-70° with the midrib, usually branching dichto- 
mously at 14-4 of the distance to the margin, petioles very 
short, 4-8 x 1.5-2 mm (145-40 of the length of the leaf 
blade), with a shallow channel on the upper side; flowers 
usually arising in pairs in the axil of the terminal leaf, 
flower buds 2.3 x 3-4 mm, pedicels 4-5 X 0.8-1 mm, 
expanding gradually into the oii oa te calyx 4-5 mm 
long and 3-4 mm wide at the top, calyx lobes short (1 mm 
long, 3 mm wide), broadly rounded, minutely pubescent 
on the back and margin; corolla white, petals 4 (or 5), 
measuring 15 x 4.5 mm in the bud, dotted with small 
oil glands, glabrous, margins thin and slightly scarious; 
pistil 12-12.5 mm ong immediately after the petals fall, 
disk short, 0.9-1 mm high, 1.7 mm wide, abruptly con- 
stricted to 0.9-1 mm wide at junction with ovary base; 
ovary clavate with a sterile narrowed base, 6-7 x 1.7-3 
mm, 5- (or 4-) locular, with 6 or 8 ovules in each locule, 
style cylindrical, 4.5-5 x 0.5-0.6 mm, not expanded at 
junction with ovary tip and only slightly expanded at 
stigma junction, stigma cushion-shaped, 1 mm high, 2 mm 
wide; fruits commonly paired in axil of uppermost leaf of 
fruiting twig, “lime green and smelling of limes,” depressed- 
globose, 2.5-3 x 3-3.5 cm, 5-locular (in type), each locule 
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bulged out (radial diam. 14-15 mm at junction with ad- 
joining locule and 17-18 mm midway between the two 
radial locule walls) making fruit star-shaped in cross sec- 
tion with very blunt, rounded rays; seeds several (up to 6 
or 8), crowded into each locule, flat and more or less 
curved, arranged more or less radially with their long 
diameters parallel to the axis, 15-17 x 10-11 X 1.5-3.5 
mm, brownish-gray (after soaking in formaldehyde solu- 
tion), monoembryonic. 

The flowers of this species were described 
from Clemens No. 6613, as the type specimen 
showed fruits only. The most extraordinary char- 
acter of the species—its numerous flattened seeds 
—is one which it shares with three other species, 
W. platysperma, W. paludosa, and W. mela- 
nesica. This flattening of the seeds is undoubt- 
edly not merely a result of the competition for 
space by the numerous seeds that develop in 
each locule, but is an inherited adaptation. These 
flat-seeded species of Wenzelia are obviously re- 
lated to Monanthocitrus cornuta, but it must be 
emphasized that in Monanthocitrus the seeds are 
not merely very much flattened, but are so com- 
pressed and crowded that they are distinctly 
saucer-shaped, concave on one side and convex 
on the other, with a thin, more or less fimbriate 
membrane almost entirely surrounding all but 
the attached side. Furthermore, the seeds of 
Monanthrocitrus are conspicuously spotted, a 
character not found, so far as known, in any 
other plant belonging to the orange subfamily. 


The mature fruits of the type specimen of 
W. archboldiana show a curious abnormality, 
having fusiform cracks in the outer layer of the 
l arising usually near the middle of the dorsal 
wall of the locules just above the attachment to 
the pedicel. The split in the peel reveals the more 
or less dried-up oil glands and other tissues, but 
the inner peel apparently remains intact. Some- 
times these fusiform cracks occur between the 
locules of the fruit, although usually not so 
abundantly. 
The depressed-globose, ribbed, green fruits 
(said to smell like limes) usually appear in pairs 
in the axil of the uppermost leaf on the fruiting 
twig—in striking contrast to W. platysperma, 
where the more or less elongated subglobose or 
ovate pink fruits are borne singly, and hang down 
apparently at the tip of the twig, although in 
reality in the axil of the uppermost leaf. 
This species has been named in honor of 
Mr. Richard Archbold, who organized and led 
three great collecting and exploring expeditions 
to New Guinea. He employed expert collectors, 
among them L. J. Brass, with the result that many 
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herbarium specimens of the remarkably interest- 
ing plants of New Guinea were brought back. 


SPECIES INADEQUATELY KNOWN AND OF 
UNCERTAIN RELATIONSHIPS 


8. Wenzelia dolichophylla (Lauterb. & K. 
Schum.) Tan. Jour. Armold Arbor. 9:139. 1928. 
Citrus dolichophylla Lauterb. & K. Schum. in 
Schum. & Lauterb. Fl. Deut. Schutzgeb. 377. 
1901. 

Type.—Northeastern New Guinea, tributary river 
No. 9, of Ramu River (Lat. 4° 20’ S., Long. 144° 38’ E.), 
high forest, altitude 60 m (Lauterbach, No. 3108). Herb. 
Bot. Mus., Berlin-Dahlem. 

Distribution —Known also from the upper course 
of the Gogol River, northeastern New Guinea, and a sterile 
specimen (doubtfully this species) reported by Lauterbach 
from Etna Bay (Lat. 4° S., Long. 134° 30’ E.) in north- 
western Dutch New Guinea (now West Irian, Indonesia). 

The original description, translated, reads as fol- 
lows: “Shrub with numerous slender young fruitin 
branches, glabrous, terete; petioles very short, bimodal 
above; leaves ovate-lanceolate or ovate-oblong, very 
acutely attenuate-acuminate, glabrous on both sides, 
coriaceous; immature fruits long-pedicellate, subglobose, 
somewhat acute, glabrous. A shrub 2 m high. The 
branches are 20-25 cm long and 2-3 mm thick at the 
base; they have gray to brown bark. The petiole is 3-5 
mm long, no articulation of the leaf blade with the petiole 
is visible; leaves 15-25 cm long and at the middle or 
lower third 5.5-8.5 cm broad, with 14-18 pairs of veins 
arising at right angles from the mid-rib, less prominent 
above than below; gray above, yellowish below, dull on 
both sides. The pedicel is 2-2.5 cm long. The immature 
fruits, still green, have a lemon-like odor.” 


Lauterbach reported (1918, p. 262) on a 
specimen from the upper course of the Gogol 
River (Lauterbach, No. 1088) collected in fruit, 
November 26, 1890, as follows: “The nearly ripe 
fruits are red, lemon-shaped, 5.5 cm long and 
3.5 in diameter.” These are the largest fruits yet 
reported in this genus and the red color is also 
distinctive. Swingle examined the type specimen 
in the herbarium at Berlin-Dahlem many years 
ago and found no trace of pulp-vesicles, the 
locules of the dry fruits being filled with a brown, 


brittle, resin-like substance. 


9. Wenzelia grandiflora (Lauterb.) Swing. 
Jour. Wash. Acad. Sci. 28:532. 1938. Citrus gran- 
diflora Lauterb. Nova Guinea 8:293. 1910; Mo- 
nanthocitrus grandiflora (Lauterb.) Tan. Jour. 
Arnold Arbor. 9:139. 1928. 

Type.—Central-western New Guinea [West Irian, 
Indonesia], swampy primeval forest, Bivak Island, in 


Noord Fluss [Lorentz River] (Lat. 5° 0 25” S., Long. 
138° 39’ E.), (Versteeg, No. 1788). Herb., Utrecht. 


Distribution.—Known only from the type locality. 
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The original description of Citrus grandiflora by 
Lauterbach reads, translated, as follows: “Shrub 1-2 m; 
branches slender, spiny, 2-4 mm thick, terete, flattened 
when young; cme 2, about 1 cm long, borne in the axils 
of the leaves; leaves lanceolate, alternate, acuminate [at 
the tip], acumen acute, broadly pointed at base, 15-20 
cm long, 5-7.5 cm wide, coriaceous, margin crenulate- 
subdentate, veins more prominent below, 12-13 pairs, as- 
cending, anastomosing; petioles 5 mm long, subterete; 
flowers solitary (?), axillary (?), with short pedicels; calyx 
cupulate, 4 mm long, 5-merous, lobes triangular, subacute 
or somewhat truncate, 2 mm long; petals 5, white, lanceo- 
late, broadly pointed (‘late acutis’) [at the tip], attenuate 
at base, 35 mm long, 11 mm wide; stamens 8, free, fila- 
ments 11 mm long, enlarged at the middle, anthers ri 
3.5 mm long; disk 1.5 mm long, somewhat pentagonal; 
ovary substipitate, ovate, 3 mm thick, 5-locular, locules 
with many ovules; style 1 mm thick, 6 mm long, stigma 
dilated, truncate, pentagonal.” 

Unfortunately, the fruits of this species are 
unknown, but in its flower, leaf, and petiole 
characters it agrees very well with Wenzelia. It 
is the only species of Wenzelia that has paired 
spines. However, the number of spines is variable 
in the genus, six species having no spines and 
two, W. paludosa and W. dolichophylla, having 
solitary spines, although the latter species is 
sometimes spineless. 

Wenzelia grandiflora was first described 
as a species of Citrus. Many years later it was 
transferred to the ede! genus Monantho- 
citrus because the two showed agreement in 
having paired spines in the axils of the leaves. 
However, the flowers of Monanthocitrus are very 
much smaller than those of any species of Wen- 
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Fig. 3-11. Monanthocitrus cornuta. Type specimen 
from Rijks Herbarium, Leiden, Holland. 
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zelia, the petals being only one seventh as long 
as those of W. grandiflora! Until fruits with ma- 
ture seeds are found this latter species must stay 
in the genus Wenzelia. 


Vil. Monanthocitrus Tan. 


VII. Monanthocitrus Tan. Jour. Arnold 
Arbor. 9:138. 1928. Illus. fig. 3-11. 


Type species.—Citrus cornuta Lauterb. = Mon- 
anthocitrus cornuta (Lauterb.) Tan. 


Distribution Southwestern Dutch New Guinea 
[West Irian, Indonesia]: near Alkmaar (Lat. 4° 40’ S., 
Long. 138° 44’ E.) on the Lorentz River and Signal Hill, 
a few miles west of Alkmaar (see van Nouhuys, 1923, pl. 
4). 

Common name.—Spotseed-lime (or monanthocit- 
rus). 

Twigs slender, slightly angled when young, soon 
cylindrical, internodes long (2-4 times as long as the 
petioles); spines paired or single (rarely 3, or wanting), 
very slender, about half again longer than the petioles; 
leaves simple, 14-22 cm long, elliptical, caudate- acumi- 
nate at the tips, broadly cuneate at the base, glabrous, 
margins entire or slightly wavy; lateral veins 10-15 pairs, 
visible on both sides; petioles very short (shorter than the 
spines and less than 14 as long as the leaf blade), wing- 
less, flattened on the upper side, not articulated with the 
leaf blade; flower buds ovoid or ellipsoid, borne on slen- 
der pedicels as long or longer than the petioles; flowers 
small; calyx cupulate, 5-lobed, lobes acute, short; petals 5, 
shorter than the petioles; ovary globose, very small, with 
5 locules, each locule with 6 (or sometimes 8?) ovules; 
style thick, twice as long as the ovary, stigma 5-lobulate; 
fruits globose or slightly ovoid, with thin peel showin 
numerous slightly depressed oil glands; locules 5, lin 
with smooth, cartilaginous walls, without pulp-vesicles, 
but containing 6 (or sometimes 8?) seeds surrounded by 
mucilaginous fluid; seeds packed tightly in the locule, 
much flattened, often concave (like a shallow saucer), 
testa with many small irregular dark red-brown spots; a 
very thin irregularly lobed membrane borders the seeds 
except on the attached side. 


Monanthocitrus has leaves very much like 
those of Wenzelia dolichophylla and several other 
sabe of that genus. Monanthocitrus is most 
closely related to the species of Wenzelia belong- 
ing to the subgenus Papualimo, which have flat- 
tened seeds bearing on the unattached sides very 
thin, more or less torn membranous margins. 
However, no species of Wenzelia has the much- 
spotted seeds (unique in the orange subfamily) 
found in Monanthocitrus, which also has flowers 
very much smaller than those of any species of 
Wenzelia—with petals only one-fifth to one- 
seventh as long! Doubtless Monanthocitrus arose 
from an ancestral form much like that of some of 
the species of Wenzelia of the subgenus Papua- 
limo, but it has traveled so far on the evolu- 
tionary highway that it apparently constitutes a 
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good genus today. The leaves are also much like 
those of Clymenia polyandra (a True Citrus Fruit 
Tree of the subtribe Citrinae), which has petioles 
of about the same length in relation to the leaf 
blade as those in Monanthocitrus, i.e., about 
one-twentieth as long. 


Thanks to the kindness of Dr. H. J. Lam, 
director of the Rijks Herbarium at Leiden, Hol- 
land, Swingle was able to study the type speci- 
men on which Citrus cornuta Lauterb. was based, 
upon which species Tanaka based his genus 
Monanthocitrus. This type specimen was col- 
lected by Versteeg (No. 1551) at Alkmaar in New 
Guinea in August, 1907. It carries the fruit de- 
scribed by Lauterbach, showing curious slender, 
needle-like outgrowths from the tip of each car- 
pel. The fruit was still intact and when opened 
it showed no trace of pulp-vesicles. 


Monanthocitrus cornuta (Lauterb.) Tan. 
Jour. Arnold Arbor. 9:138. 1928. Citrus cornuta 
Lauterb. Nova Guinea 8:292. 1910. Illus. fig. 
3-11. 

Type.—Southwestern Dutch New Guinea [West 
Irian, Indonesia], near Alkmaar (Lat. 4° 40’ S., Long. 
138° 44’ E.) on the Lorentz River (Versteeg, No. 1551), 
Rijks Herb., Leiden. 

Distribution Known only from the type locality 
and from Signal Hill, a few miles west of Alkmaar. 

Lauterbach’s description of Citrus cornuta (with 
slight sar in the order of arrangement) reads, trans- 
lated, as follows: “Shrub about 1 m high; branches slen- 
der, flower-bearing ones 2-4 mm thick, terete, spiny; 
spines 2 or 3, about 1 cm long, in the axils of the leaves; 
leaves ovate-oblong or lanceolate, attenuate-acuminate, 
acumen up to 2 cm long, obtuse, sometimes emarginate, 
coriaceous, cuneate at base, entire or wavy margined, 
veins more prominent below, lateral veins in 10-12 pairs, 
ascending, thickly anastomosing by arches near the mar- 
gin; petioles semiterete, scarcely channeled above, 5-6 
mm long; flowers solitary, axillary, pedicellate; pedicels 
5-8 mm long, subtended by 2-3 acute bracts, 1 mm long; 
calyx cupulate, 5-merous, lobes acute, 1 mm long, slightly 
ciliate under the lens; petals 5, ovate, subacute, about 5 
mm long, whitish flesh-colored (‘albis carnosulis’); stamens 
10, free, filaments 1.5 mm long, anthers oblong, 2 mm 
long; disk annular; ovary globose, 1 mm diam., 5-locu- 
lar, 2 ovules [? see below] in each locule; style thick, 2 
mm long, stigma 5-lobed; fruit globose, rose-colored, 2.5 
cm diam. when dry, fleshy, the apex with 5 solitary mam- 
millae, each crowned by a single spine [-like appendage] 
i a baie 

“The long spines that form what may be called 
horns are very peculiar; as far as can be determined from 
dry material they arise from wart-like protuberances at 
the apex of the fruit and, in the dry state, fall off easily; 
3 are intact; only the points of attachment of the other 
two are seen. No trace of their origin can be seen on the 
ovaries.” 

Swingle examined the type specimen of 


this species (Versteeg, No. 1551, collected at 
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Alkmaar, New Guinea, August 2, 1907), lent 
to him by Dr. H. J. Lam, director of the Rijks 
Herbarium at Leiden. It consists of a branch 
about 20 to 25 cm long, with six leaves (see fig. 
3-11). It bears one fruit, 25 by 32 mm, with well- 
marked oil glands. When described by Lauter- 
bach in 1910 the specimen still had three needle- 
like appendages arising from the top of the fruit 
and the bases of two more. Doubtless there were 
originally five of them, one arising from each 
locule of the fruit. These needle-like appendages 
are 20 to 22 mm long and very slender, about 
0.6 to 0.75 mm in diameter at the base and 0.3 
to 0.4 mm at the tip (measured when dry); they 
have about 20 to 22 shallow furrows, with nar- 
row ridges between, extending lengthwise. They 
arise at the apex of the fruit from wrinkled, gla- 
brous elevations (broadly conical) of the peel 
about 2.5 to 3.5 mm wide and 2 to 2.5 mm high; 
one of these bases is found on each segment. 
These remarkable needle-like outgrowths of the 
locules of the fruit look like slender projections 
of the peel and have the same color as the peel, 
but do not show oil glands. The largest leaf blade 
measures 20.5 by 7 cm; two smaller leaves are 16 
by 5.5 cm and 15 by 5 cm. The petioles are chan- 
neled on the upper side, 7 to 8 by 1.5 to 1.6 mm, 
and not articulated with the leaf blade; the paired 
spines are straight, 3 to 12 by 0.5 to 0.8 mm. The 
ave fruit is oval, 30 mm long and 25 mm 
wide when dry; when swelled by soaking in hot 
water it measured 32 mm long and 28 to 30 mm 
wide. The greatest length from the base to the 
tip of one of the five conical bases on which 
the needle-like outgrowths arise is 34 mm. The 
dried fruit is buff to cinnamon in color (see Ridg- 
way, 1912, pl. 39). The pedicel is 10 mm long 
with two very small bracts attached 2 mm above 
the base. The calyx lobes are reflexed when dry, 
but on soaking they extended out nearly at right 
angles to the pedicel, making the salverform 
calyx 6 to 7 mm wide and about 2.5 mm high. 
The calyx lobes are about 3 mm long, thick and 
bluntly rounded at the tips, and become very thin 
at the extreme tips and sparingly ciliate. When 
the fruit was cut open, the peel was seen to be 
thin, only 1 to 1.5 mm including the locule wall. 
The outer peel is 0.6 to 0.8 mm thick; the locule 
walls are stiff, cartilaginous, and smooth inside. 
The seeds, six (or sometimes eight) in each 
locule, are crowded into a bundle nearly filling 
the locule, which also contains mucilaginous gum, 
but no pulp-vesicles! The seeds are very thin, 
often curved (like a shallow saucer), and have 
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thin fimbriate margins, cream, buff, or ivory- 
yellow in color on all but the attached side of 
the seed. Including this membrane, the seeds 
measure 10 to 11 by 7 to 8 by 1.5 to 2 mm. The 
seed proper measures about 8 to 9.5 by 7 to 85 
mm and is covered with an ivory-yellow testa 
which becomes fawn to army brown (Ridgway, 
1912, pl. 40) when wet. This testa shows many 
(10 to 20 or more) angular, dark red-brown spots, 
varying greatly in size from 0.5 to 2.5 mm, usually 
narrow if long. On well-soaked seeds these spots 
varied from dark vinaceous to Indian red (Ridg- 
way, 1912, pl. 27). The inside layer of the testa 
in contact with the cotyledons of the sath 
shows numerous very small, curved, vermicular 
markings of vinaceous brown (Ridgway, 1912, 
pl. 39). The seeds contain a single very thin 
embryo, oval in outline, 8 to 9 by 7 to 8 mm, 
and 1 to 1.5 mm thick, vinaceous fawn to fawn 
color (Ridgway, 1912, pl. 40). No oil glands can 
be detected in the cotyledons by superficial ex- 
amination. The very small radicle projects out 
0.5 to 0.8 mm at the base of the cotyledons. The 
attached edge of a well-soaked seed showed a 
more or less rugose ariloid tissue, 6 to 7 mm long 
and about 2 mm wide, which projects 1.5 to 2 mm 
beyond the seed. 


A paratype specimen of M. cornuta (Ver- 
steeg, No. 1551), also collected at Alkmaar, New 
Guinea, on August 2, 1907, preserved in the her- 
barium of the Botanical Museum at Berlin- 
Dahlem, was photographed by Tanaka, who 
kindly sent Swingle a print. It is a single twig 
with one flower bud, 4.5 by 3 mm, on a slender 
pedicel about 7 mm long. One leaf measures 
21 by 7 cm; another, lacking the acuminate tip, 
measures 18.5 by 8.2 cm, with a petiole 8 by 1.5 
mm. The spines are all paired, straight, very 
slender, 8 to 14 mm long and 0.6 to 0.8 mm at 
the base and tapering to a very acute point. The 
lateral veins arise at a large angle with the mid- 
rib, about 65° to 75°, in the middle part of the 
leaf blade. 


The remarkable needle-like protuberances 
that arise at the tips of each carpel of the fruit 
of the type specimen are still imperfectly known.‘ 
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In a supplementary note on this plant Lauterbach 
stated (1912, p. 825) that a specimen collected 
by von Roemer (No. 633) at Signal Hill, a few 
miles west of the type locality at Alkmaar, “had 
fruits with no trace of the peculiar spines. Very 
likely it was a question, in case of the original 
specimen of Versteeg, No. 1551, of a mere mal- 
formation that was nevertheless of remarkable 


regularity.” 
VIII. Oxanthera Montrouzier 


VIII. Oxanthera Montrouzier, Mém. Acad. 
Sci. Lyon 10:186. 1860. 

Type species.—Oxanthera fragrans Montr. 

Distribution.—New Caledonia and Art Island (80 
km to the northwest of New Caledonia). 

Common name.—False orange (or oxanthera). 

Thornless small trees or shrubs with thick but 
small 1-foliolate or simple leaves (3-10 cm long), usually 
becoming glaucous; petioles either wingless or narrowly 
winged, articulated with the leaf blade in 3 species, not 
articulated in the other species; flower borne singly or in 
1-3-flowered racemes in the axils of the leaves; calyx and 
corolla 5-merous; stamens 3-4 times as numerous as the 
petals; ovary with 2-7 locules, each locule containing sev- 
eral ovules, usually 6; fruits ellipsoid, small, about 2.5 
x 1.5 cm. 

Oxanthera is a very distinct genus of Minor 
Citroid Fruit Trees, subtribe Triphasiinae, and 
differs strikingly from all the other genera of this 
subtribe in having glabrous, glaucous leaves 
bluntly rounded or retuse at the tip and cuneate 
at the base, borne on spineless twigs. The leaves 
are thick and coriaceous in all the species except 
one. To judge from the thick leaves that become 
glaucous as they develop, the plants of this genus 
are very probably somewhat xerophytic, like 
Microcitrus of Australia, but are not so well 
adapted to withstand long-continued drought and 
hot, dry winds as the truly xerophytic Eremocit- 
rus, also of Australia. 


All the species of Oxanthera ee in hav- 
ing large, orange-like flowers, and glabrous, more 
or less glaucous leaves, which usually are rather 
blunt at the tip and cuneate at the base. All 
species are thornless, and apparently all have 
more or less elongate fruits that are longitudi- 
nally ribbed at least when young. Probably no 


* These protuberances when restored nearly to their original dimensions by soaking in hot water and dilute am- 
monia water are 0.9 to 1.2 mm in diameter. Serial microtome sections show a central woody cylinder 0.5 to 0.6 mm in 
diameter, with pith in the center and numerous (about 120 to 130) radial rows of thick-walled wood parenchyma cells 
(4 to 8 rows deep) that are separated from the larger thinner-walled cells of the peripheral tissues by very thin-walled 
cambium-like cells. On the inner boundary of the woody cylinder next to the pith are found eight ha (each of 4 to 
10 cells) of wood vessels with still thicker, pitted walls. The epidermal cells are unusually large; no oil glands were seen. 
Longitudinal sections showed cells longer (some very much larger) than broad and almost all with cross walls running at 


right angles. 
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KEY TO THE SPECIES OF OXANTHERA 
A Ovary hypermerous (7 locules); stamens irregularly polyadelphous; leaves 1-foliolate, large (6-8 x 1-4 cm), very 


coriaceous, with prominent veins, petioles winged. .................::c:ccsscccccssesseseeseeeceeceesseeeeeeeseeeeeseeees 4) O. neo-caledonica 
AA Ovary hypomerous or isomerous (2-6-locular), stamens free. .................2....ccccssesescesceseeseeecacesesesesaseseseesseasesceceseessseenanes B 
B Leaves simple, small (2-4 x 0.5-1 cm), petioles not winged; ovary 2-locular. ............00.0..... 2) O. aurantium 


BB Leaves 1-foliolate, petioles not winged....................- 
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C Leaves thick, medium-sized (5-6 x 1.2-1.5 cm), obovate, acuminate at apex; ovary with 5 or 6 locules. 


1) O. fragrans 


CC Leaves thin, large (up to 9 x 4 cm), ovate-lanceolate, cuneate at apex, with undulate margins. 


other genus except Poncirus in the whole sub- 
family is so easily recognized at first glance. In 
spite of this fact, this genus, containing four 
species (see key above) shows unusual range of 
variation in other characters that in many groups 
of plants are extremely constant and have high 
taxonomic value. Three of the four species of 
Oxanthera have unifoliolate leaves with clearly 
articulated petioles that are usually wingless, but 
are plainly but narrowly winged in one species. 
One of the species has a hypomerous ovary with 
only two locules, another has an isomerous ovary 
with five or six locules, whereas a third species 
has a hypermerous ovary with seven locules. 
Better material of O. aurantium is urgently 
needed to learn whether the ovary is always 
2-locular; if so, it might well be made the ‘ype 
of a subgenus. For the present it is left in the 
genus as an anomalous species that, nevertheless, 
is clearly related to the other three species. 


It is probable that Oxanthera is a highly 
specialized xerophytic genus that has developed 
from the common ancestor of the genera Wen- 
zelia and Monanthocitrus, both of which share 
with Oxanthera the character of having usually 
six ovules in each locule of the ovary. Oxanthera 
has acquired a distinctly xerophytic facies but, 
unlike the extremely xerophytic Eremocitrus, one 
of the True Citrus Fruit Trees of Australia, which 
has very small flowers, Oxanthera has large, 
white, fragrant flowers very like those of Citrus. 


1, Oxanthera fragrans Montr. Mém. Acad. 
Sci. Lyon 10:186. 1860. Citrus oxanthera Beauv. 
Ann. Soc. Bot. Lyon 26:14. pro parte. 1901. 

Type.— Liile Art (about 80 km northwest of the 
north end of New Caledonia) (Montrouzier). Herb. Fac- 
ulte de Méd. et Pharm. de Lyon. 

Distribution.—Art Island, New Caledonia. 

Common name.—F ragrant oxanthera. 

The original description by Montrouzier, trans- 
lated, reads as follows: “Shrub 6-7 ft. [1.8-2.13 m] high, 
beautiful, twigs terete, gray. Leaves obovate, apex acumi- 
nate, subcrenulate, thick, very much dotted [with oil 
glands], 2-2.5 in. [5-6.3 cm] long (including the petiole), 
6-7 lin. [1.2-1.4 cm] wide. Peduncles axillary, 1-flowered, 
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3) O. undulata 


shorter than the leaves. Flowers white, the size of those 
of Citrus Aurantium, and very similar to them, very much 
dotted [with oi] glands], exhaling a penetrating odor. 
Fruit elongated. Is this Limonia lucida Forst.? This beau- 
tiful shrub flowers in November. It is found in the forest. 
The natives call it Dongan na diet, ‘Orange Tree of the 
Forest.’ ” 

As the genus Oxanthera was originally monotypic, 
being founded on O. fragrans alone, Montrouzier's de- 
sd ae of the genus applies to the species as well. It 
reads, translated, as follows: “Flowers 5-merous, with 
imbricate aestivation, stamens 16-20, free. Anthers erect, 
bilocular, incurved, mucronate at the apex. Fruit with 5-6 
locules, with many seeds in each locule. Style elongate, 
thick, cylindric. Stigma obtuse. Leaves 1-foliolate, articu- 
lated with the tip of the petiole, petioles wingless. A 
spineless shrub.” 

Tanaka in discussing O. aurantium (1928b, 
p. 44) stated: “O. fragrans has a clearly 
marked with translucent points, a glabrous calyx, 
oblong anthers with only a small mucron at the 
apex, an oblong-oval ovary much furrowed ['trés 
creusé’], and a very short style.” It differs in all 
these points from O. aurantium, with which 
Beauvisage confused it, since he included de- 
scriptions of material of both species in his Citrus 
oxanthera. The type specimen photographed by 
Tanaka shows petioles 4.5 to 7 mm long, articu- 
lated with the leaf blade, entirely wingless but 
apparently with a shallow channel on the upper 
side. | 
This plant is said to be a beautiful fra- 
grant shrub and may perhaps prove of value as 
an ornamental flowering shrub for subtropical 
climates. To judge from its foliage, it is prob- 
ably somewhat drouth-resistant. The petals, with 
densely crowded oil glands, may possibly yield 
an essential oil for perfume. 

2. Oxanthera aurantium Tan. Bul. Soc. Bot. 
France 75:712. 1928. Citrus oxanthera Beauv. 
Ann. Soc. Bot. Lyon 26:14. pro parte. 1901. Illus. 
Guillaumin, Les Citrus Cult. Sauv. 60. 1917. 

Type——New Caledonia, Gomonen near Gatope 
on dry hills (Vieillard, No. 2378). Herb. Mus. Hist. Nat., 
Paris. 

Distribution Known only from the original col- 
lections. 

Common name.—Orange flower oxanthera. 
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Tanaka's original description reads, in translation, 
as follows: “A shrub, twigs terete, very leafy, young twigs 
ubescent; leaves small, oblanceolate, not glandular [?, 
englandulosis’], chartaceous, channeled, with many veins, 
lateral veins curved, arising from the midrib at more or 
less wide angles; apex obtuse or often emarginate, base 
attenuated, short-petiolate; petioles cylindric, not artic- 
ulated [with the leaf blade]; inflorescences pubescent, 1- 
3-flowered racemes; flowers large, equaling Citrus in size, 
tals without oil glands, minutely papillose; calyx scutel- 
te, pubescent without, lobes rounded, inflexed; stamens 
free or in part cohering, filaments much longer than the 
style, canaliculate, minutely papillose on the outside, an- 
thers rather large, cordate-acuminate; ovary ovoid-atten- 
uate, glabrous, style equaling the ovary [in length], 
straight, cylindric, rather thick, stigma ellipsoid, disk an- 
nular, short, stigma ellipsoid, broader than the style.” 
Swingle examined two cotypes from the original 
type collection of this species (Vieillard, No. 2378), one 
in the herbarium of the Museum of Natural History, Paris, 


and the other, an excellent flowering specimen, in Gray. 


Herbarium, Harvard University, Cambridge, Massachu- 
setts. The latter specimen shows completely thornless 
twigs, pubescent when young but losing the hairs and ap- 
pearing glaucous with grey wax when older; leaves sim- 
ple, thick, coriaceous, oblanceolate, 2-4 x 0.5-1 cm, apex 
rounded, usually rather deeply emarginate, margins mi- 
nutely crenulate-dentate above the middle, upper surface 
dotted with minute oil glands, about 0.5 mm apart, which 
are not translucent on oy specimens, midrib slightly 
raised on the upper surtace, strongly salient below, 
slightly pubescent near the base of the leaf, lateral veins 
visible only on the under surface, curved and more or less 
swollen and salient, arising sometimes at an angle of 35°- 
45°, sometimes at an angle of 75°-80°, with the midrib, 
soon curved backward toward the base of the leaf and 
anastomosing especially in the upper of the leaf; 
tioles pubescent, not articulated with the leaf blade 
Bat merging imperceptibly into it, flattened above and 
showing two raised lines that continue the leaf margins, 
running almost to the base of the petiole, but showing no 
reen color for 2-3 mm from the base; uncles at 
fiseenag densely covered with gray hairs, with several 
leaf-like bracts, making the peduncle appear like a short 
leafy twig; pedicel very short (3-4 mm), not clearly de- 
marcated from the calyx, which is densely gray-pubescent 
without; flowers like Citrus except for the gray-pubescent 
calyx and minutely papillose petals. 


Tanaka (1928b, p. 712) noted that this spe- 
cies differs greatly from O. fragrans in its pubes- 
cent new growth, narrower leaves with many 
lateral veins arising at a wide angle with the 
midrib, and entirely different flower parts. Beau- 
visage (1901, pp. 11, 12) studied several speci- 
mens of Vieillard’s No. 2378 (the type collection 
on which O. aurantium is based) and his report, 
translated, reads as follows: “I dissected several 
rather badly preserved flowers and found 14 to 
16 stamens with mucronate anthers and connate 
filaments except in a very young bud, where the 
filaments, still short, were free. Similarly I noted 
in the ovaries a few differences which could be 
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due to the more or less advanced stage of de- 
velopment; the ovary was ovoid or conical; the 
style articulated [with the ovary] or not; the stig- 
ma channeled-ellipsoid or not; the locules of the 
ovary, usually with several ovules (‘pluriovalées’), 
seem sometimes to be biovulate.” 

A good specimen of the type collection 
(Vieillard’s No. 2378) in the Gray Herbarium at 
Harvard University provided a flower which 
Swingle examined. It was restored by prolonged 
soaking, then imbedded, cut into serial sections, 
stained and mounted permanently by a modifica- 
tion of Juel’s ein (see Swingle, 1939b, p. 
270). The ovary was skillfully cut by Swingle’s 
assistant in this part of the work, Albert H. Till- 
son, so as to show half the ovary cut into many 
serial longitudinal sections and the remaining 
(longitudinal) half cut into still more numerous 
cross sections. These sections showed clearly that 
the ovary was cylindric, about 3.5 mm long after 
the dehiscence of the style, and 0.9 to 1.2 mm 
in diameter (with two shallow furrows in the 
plane of junction of the carpels and two low 
ridges on the dorsal walls), narrowed abruptly 
at the base and fitting rather closely into a coni- 
cal cavity in the top of the disk; it contained two 
long, slender locules about 2.4 by 0.3 by 0.4 mm. 
The ovary was narrowed gradually at the top into 
the style, 0.5 to 0.6 mm in diameter at the point 
of dehiscence. The serial cross sections showed 
altogether six ovules in the locule, arranged in 
two ranks, along with abundant trichomes aris- 
ing from the flattened out that ran from 
see to top of the locule cavity along its dorsal 
wall. : 

This species differs widely from its con- 
geners in having a hypomerous ovary with only 
two locules. Of the other species, one is iso- 
merous with five or six locules and another is 
hypermerous with seven locules. O. aurantium 
also differs radically from its congeners in having 
simple instead of unifoliolate leaves. Its relation- 
ships are discussed on page 255. 

This species, collected by Vieillard on arid 
hills in New Caledonia, shows signs of being a 
rather pronounced xerophyte able to grow in 
dry situations. The thick leathery leaves remind 
one of the leaves of Eremocitrus grown on well- 
watered soil but are not so gray-green in color 
and show a different structure on the upper‘and 
lower surface, a difference that is almost lost in 
Eremocitrus. 

3, Oxanthera undulata (Guill.) Swing. Jour. 
Wash. Acad. Sci. 30:83. 1940. Citrus undulata 
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Guill. Bul. Soc. Bot. France 85:304. 1938. 


Type—New Caledonia, upper Dothio Valley 
(Balansa, No. 3054). Herb. Mus. Hist. Nat., Paris. 

Distribution —Known only from the type locality 
in northern New Caledonia. 

Common name.—Wavy-leaf oxanthera. 

The original description of this species reads, 
translated, as follows: “Tree 5-6 m high, very glabrous; 
leaves thin, ovate-lanceolate, up to 9 x 4 cm, cuneate at 
the apex and base, with undulate margins, nerves very 
slender, almost immersed, petiole articulated [with the 
lamina], slender, 5-10 mm long, [wingless and] not at all 
margined; flowers not seen; fruits ovate, 2.5 x 2 cm, 
embryo with white cotyledons .. .” 

The notes which follow the Latin diagnosis read: 
“Excessively rare; a species well characterized, although 
imperfectly known, by its thin leaves with strongly undu- 
late margins. The fruit resembles that of C. neo-caledon- 
ica in form.” Unfortunately the number of locules in the 
fruit is not stated, 

To judge from its large thin leaves, this species 
may perhaps prove to be a mesophyte rather than a xero- 
phyte, as are the other 3 species in Oxanthera. 


4, Oxanthera neo-caledonica (Guill.) Tan. 
Bul. Soc. Bot. France 75:713. 1928. Citrus neo- 
caledonica Guill. in Lecomte, Not. Syst. 2:130 
(diagnosis). 1911; and ibid. 2:390 and 406 (Latin 
name).® 1913. Illus. Guillaumin, Les Citrus Cult. 
Sauv. 61. 1917; fig. 3-12 this work. 


Type——New Caledonia, Poume Peninsula (Ba- 
lansa, No. 3374). Herb. Mus. Hist. Nat., Paris. Cotype: 
Same collection (Balansa, No. 3374). Herb. Bur. Sci., 
Manila. 

Distribution—Known only from the type locality 
(Lat. 20° 30’ S., Long. 164° 8’ E.). 

Common name.—False orange (or large-leaf ox- 
anthera). 

Guillaumin’s detailed description of this plant 
reads, in translation, as follows: “Spineless shrub, 1 m 
high, with whitish flowers; young branches with a waxy 
bloom that gradually disappears. Leaves very coriaceous, 
glabrous even when very young, lanceolate or obovate, 6- 
8 cm long (including the petiole), 1-4 cm wide, narrowed 
toward the base, attenuate toward the apex, but not acute 
when lanceolate, suborbicular or piliaaitar when obovate, 
sometimes emarginate. Midrib and lateral veins promi- 
nent on both sides but especially on the underside (like 
veins of the hand). Petiole distinctly articulated [with the 
leaf blade], 1-2 cm long, slightly winged (less than 4 
mm). Flower [bud] (a single one) terminal on a young 
branch, spherical (14 mm diam.); pedicel 7 mm _ long, 
cylindric, glabrous; sepals 5, 2 mm long, nearly RE 
petals 6, unequal, ovate (12 x 6-12 mm), thick and fleshy, 
with inconspicuous, small, pellucid oil glands; stamens 
24, unequal (8-11 mm), [arranged] very irregularly in 
fascicles, filaments rather fleshy, not hag anthers 
phar, gaan, 2.5 mm long, the locules diverging 
slightly at the base; ovary subcylindric (3.5 x 3 mm), 7- 
ribbed, with 7 segments; style cylindric, 2 mm long, 





257 


Fig. 3-12. Oxanthera neo-caledonica. Cotype specimen 
from New Caledonia (Coll. Balansa, 3374; Herb. Bur. 
Sci., Manila, P.I.). 


stigma cylindric. Fruit (immature) ovoid-subcylindric, sup- 
ported on pedicels covered with whitish bloom, more than 
1.5 cm long and 2 mm diam.; more mature fruits 2.5 x 
1.5 cm, with 7 segments, peel thin, pulp mucilaginous, 
seeds of unknown color. 

“Presqu ile de Poume, in volcanic soil, May, 1871 
(Balansa, No. 3374). 


5 The Latin name of this species was, by some accident, omitted from the original description published in 
Nos. 4 and 5, October 1, 1911, and December 20, 1911, and did not appear until more than two years later in No. 12 
(in the index on p. 390 and in the “Errata et Corrigenda” on p. 406), published on December 31, 1913. 
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“Although the color of the embryo is not known, 
the affinities [of this plant] seem to be especially with 
Citrus Aurantium L. but the form and the aspect of the 
leaves, of the flowers and of the ovary, clearly distinguish 
this species.” 

Tanaka (1928), p. 44) noted that the flow- 
ers are like those of O. fragrans and O. aurantium 
but that “the surface of the petals is completely 
uniform [not papillose or marked with evident 
oil glands], the ovary is shorter, the stigma not 
dilated and the disk much larger.” He went on 
to say: “The fruit is oblong, sometimes curved, 
pointed, with superficial ribs, with about 7 seg- 
ments, containing large seeds with a single very 
hard embryo. The pulp-vesicles are not very 
much developed and are y.” He was of the 
opinion that the lack of true pulp-vesicles ex- 
cludes this species from the True Citrus Fruit 
Trees even though it does have more than twice 
as many stamens as petals. 


This species, as Tanaka remarked, shows 
a higher organization than most of the other 
Minor Citroid Fruit Trees. It has seven locules 
in the ovary and, in common with the other spe- 





Fig. 3-13. Merope angulata. Flowering branch, grafted 
on grapefruit. 
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cies of Oxanthera, more than twice as many 
stamens as petals, instead of only twice as many, 
as is characteristic of the other genera of the 
subtribe Triphasiinae. 


IX. Merope Roem. 


IX. Merope Roem. Syn. Hesper. 1:44. 1846. 

Type species (Monotype).—Citrus angulata Willd. 
= Merope angulata (Willd.) Swing. 

Distribution—Java, Burma; also New Guinea 
(fide Tanaka, 1931b, p. 10). 

Small tree, oe with stout spines paired or 
single; leaves simple, thick, coriaceous; petioles short, 
wingless; flowers solitary, axillary; calyx cupulate, 5- 
lobed; petals 5, imbricate, igs Recaps Ha acute; sta- 
mens 10, free, anthers linear, as long or longer than the 
filaments; ovary ovoid, 3-locular, vile 4 in each locule; 
fruits triangular in cross section, ovoid-acuminate, with 
very long, Hattened seeds narrowed at the upper end to 
a blunt point, borne 1 in a segment and immersed in a 
glutinous, mucilaginous fluid. 

This remarkable genus is found widely 
scattered over the East Indies in brackish swamps. 
It is outstanding because of its buckwheat-shaped 
fruit, containing very long seeds. It is a highly 
specialized genus of the subtribe Triphasiinae, 
related to Pamburus and Paramignya, but not 
closely. 

Merope angulata (Willd.) Swing. Jour. 
Wash. Acad. Sci. 5:420. 1915. Citrus angulata 
Willd. Sp. Pl. ed. 4. 3(2):1426. 1801; Limonellus 
angulosus Rumph. Herb. Amboin. 2:110. 1741; 
Sclerostylis spinosa Blume, 1825; Glycosmis spi- 
nosa (Bl.) Dietr. 1840; Merope spinosa (Bl.) Roem. 
1846; Limonia angulosa Wt. & Arn. ex Mig. 1859; 
Atalantia longispina Kurz, 1872; Gonocitrus angu- 
latus (Willd.) Kurz, 1874; Paramignya angulata 
(Willd.) Kurz, 1875; Atalantia spinosa (B1.) Koor- 
ders (non Hook. f.), 1912; A. angulata (Willd.) 
Engl. Die Nat. Pflanzenfam. 19a:330. 1931. Illus. 
Rumphius, loc. cit. pl. 32; Kurz, Jour. Asiat. Soc. 
Bengal 43(2):pl. 18. 1873; Valeton, Icon. Bogor. 
pl. 348. 1912; Swingle, loc. cit. figs. 1-2; idem, 
in Bailey, Stand. Cycl. Hort. 4:2038, fig. 2362. 
1916; idem, in Engler, loc. cit. 329, fig. 151; fig. 
3-13 this work. 

Type—None found; based on Rumphius’ de- 
scription and figure cited above. 

her Na ay Burma, in tidal swamps; also 
New Guinea (fide Tanaka, 1931), p. 10). 

Common name.—Merope (or kigerukkan, so- 
called at Noessa Kambangan Island, Java). 

Leaves coriaceous, inconspicuously veined, alter- 
nate; petioles simple. Twigs with very strong spines, often 
in pairs. Flowers bome singly or in i (rarely in few- 
flowered clusters) in the axils of the leaves; ovary stalked 
on a rather tall disk, 3-5-celled, with 4 pendulous ovules 
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in each cell; stamens 10, free, anthers peeing 
Fruits strongly angled, triangular in cross section; ce 
filled with a sticky, mucilaginous fluid (without true pulp- 
vesicles); seeds very large, flattened, reniform, caudate 
at the tip where attached. Cotyledons in germination 
aerial, not increasing in size; first foliage leaves alternate, 
broadly ovate. A large shrub or small tree (not a climbing 
shrub), growing on the seashore in tidal forests or man- 
grove ae from the mouth of the Ganges to the 
Moluccas. The seeds, often 2 in each of the flattened 
locules of the fruit, are about 35 x 15 xX 5 mm, the 
largest known in the orange subfamily. 

This remarkable plant, the sole species 
of the genus Merope, differs strikingly from all 
other species of the orange subfamily except Sev- 
erinia lauterbachit in having fruits triangular in 
cross section, with long flat seeds tapering to a 
blunt point. It is a very spiny salt-loving shrub 
or small tree found in tidal marshes in Java and 
Burma, and in the East Indian Archipelago. As 
is usual with halophytes (plants able to live in 
more or less salty water), M. angulata has thick 
and leathery leaves. Buds of the kigerukkan, in- 
serted on grapefruit, grew vigorously in the 
greenhouse of the former Bureau of Plant Indus- 
try at Washington, D.C., and soon flowered (see 
fig. 3-13), but finally showed signs of a bad bud 
union, became stunted, and died. 


GROUP B. THE TRIPHASIA GROUP 


This group contains two genera with a 
total of four species, all of them shrubs or small 
trees with small ovoid or globose fruits, bright- 
colored (red) in Triphasia and orange-like with 
a thick peel dotted with oil glands in Pamburus, 
but always without pulp-vesicles in both genera. 
The ovaries are 3- to 5-locular, and each locule 
contains one or two ovules. The leaves are simple 
in two of the species of Triphasia, as well as in 
Pamburus, and trifoliolate in the other species 
of Triphasia; they are rather thick, more or less 
eas and inconspicuously veined. Little is 

own as yet about the relationships of these two 
genera with the other genera in the subtribe 
Triphasiinae. 
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X. Triphasia Lour. 


X. Triphasia Lour. Fl. Cochinch. 152. 1790. 
Echinocitrus Tan. Jour. Arnold Arbor. 9:137. 
1928. 


Type species.—Triphasia aurantiola Lour. = T. 
trifolia (Burm. f.) P. Wils. 


Distribution —Southeastern Asia, East Indies, 
Philippines, New Guinea; widely cultivated in tropical 
and subtropical regions. 


Common name.—Limeberry (or triphasia). 


Shrubs or very small trees, 1-2 m high, with 
paired axillary spines; leaves eee very small (except 
in T. grandifolia), simple or 3-foliolate, rather thin and 
without evident reticulation, numerous oil glands visible 
on both faces; petioles very short (40-4 the length of 
the leaves), wingless, pubescent, flattened and slightly 
channeled on the upper surface, not articulated with the 
leaf blade; flowers single, or in groups of 2 or 3 in the 
axils of the leaves; pedicels slender; calyx 3-5-merous, 
cupulate, persistent; corolla 3-5-merous, petals linear or 
obovate-spathulate; stamens free, twice as ag as the 

tals, filaments slender, sometimes broadened at the 

se, anthers small, linear; ovary ovoid or elliptical, taper- 
ing more or less toward the base, with 3-5 locules, ovules 
1 or 2 in each locule; fruits small, with the seeds imbed- 
ded in mucilaginous pulp; seeds plump (sometimes poly- 
embryonic in T. trifolia). 

The genus was represented from 1790 until 
1925 by a single species, T. trifolia. The discovery 
in the Philippines of a second species, a plant 
with much larger ee leaves which Merrill 
named Triphasia grandifolia, broadened our con- 
cept of the genus. 


It now appears that there is a third spe- 
cies, described as Paramignya brassii from New 
Guinea by C. T. White in 1926 and made the 

e of a new genus, Echinocitrus, by Tanaka 
in 1928. This species, although obviously closely 
related to the type of Triphasia, differs in a num- 
ber of characters that justify placing it in a dis- 
tinct subgenus, for which Tanaka’s generic name, 
Echinocitrus, is retained. 


Keys to the subgenera and species of Tri- 
phasia are presented below. 


KEY TO THE SUBGENERA OF TRIPHASIA 
A Flowers 3-merous in all parts except the stamens, which are 6-merous; ovules single in each locule. 


Subgenus Triphasia 


AA Flowers 5-merous in all parts except the stamens, which are 10-merous; ovules 1 or 2 in each locule. 


Subgenus Echinocitrus 


KEY TO THE SPECIES OF TRIPHASIA 


A Leaves large, 5-9 cm long; simple ....................::seeeee 


AA Leaves small, 1.5-4 cm lon 


Sec ecerersnesecereracesreesevesncervasceseonen 


B Leaves simple; ovary with 5 locules, fruit obovoid 


eee eee ee eee ee ree see eee eee eee eee ee ee ee ea 


BB Leaves 3-foliolate; ovary with 3 locules, fruits ovoid or subglobose, not narrowed at the base......... 1) T. trifolia 
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Subgenus Triphasia 


Subgenus Eutriphasia Swing. in Webber 
& Batchelor, Citrus Indus. 1:237. 1943. 


1. Triphasia trifolia (Burm. f.) P. Wils. 
Torreya 9:33. 1909. Limonia trifolia Burm. f. FI. 
Ind. 103. 1768; L. trifoliata L. 1771; Triphasia 
aurantiola Lour. 1790; Limonia (?) diacantha DC. 
1824; Triphasia trifoliata (L.) DC. 1824. Illus. 
Burmann f. loc. cit. pl. 35 (col.); Jacquin, Icon. 
Pl. Rar. 3: pl. 463. 1786-1793; Risso & Poiteau, 
Hist. Nat. Orang. pl. 108 (col.). 1818-1822; fig. 
3-14 this work. 

Type.—Java (Burmann f., No. 166). Herb. Deles- 
sert, Geneva (fide Tanaka). 

Distribution.—Southeastem Asia (?), East Indian 
Archipelago (?); widely cultivated in tropical and subtrop- 
ical regions. 

Common name.—Trifoliate limeberry, limeberry, 
or triphasia. 

A glabrous shrub or small tree with terete twigs 

paired spines in the axils of the leaves; leaves 3- 
foliolate, the terminal leaflet ovate with a cuneate base 
and a rounded emarginate tip, 2-4 x 1.5-2 cm; lateral 
leaflets much smaller than the terminal one (1.2-2 x 0.8- 
1.2 cm), broadly rounded at the tip, cuneate at the base; 
petiolules very short (1.5-2 cm); petioles short (3-5 mm), 
wingless; flowers appearing singly or 2 or 3 in the axils 
of Ki leaves; peduncles short (3-4 X 1 mm); flower buds 
cylindrical, 10-12 x 3-4 mm; flowers 3-merous (but with 
6 stamens); sepals small (1.5-2 mm long), 3-lobed, green, 

rsistent; petals white, 10-13 <X 3.6-4.5 mm; staminal 
ts slender, glabrous, 9-11 mm long, anthers ob- 
long, 2 x 1 mm; disk annular or at weit ovary 
ovoid or fusiform with 3 locules, each with 1 ovule, nar- 
rowed into a slender, deciduous style with a capitate, 3- 
lobed stigma; fruits ovoid or subglobose, sometimes apic- 
ulate, 1.2-1.5 cm long, dull reddish-orange or crimson 
when fleshy ripe; peel with many small oil glands; seeds 
1-3, immersed in mucilaginous pulpy flesh. 

Triphasia trifolia is very widely grown in 
all tropical and subtropical regions as an orna- 
mental shrub. It is also used for hedges. The 
fragrant white flowers are soon succeeded on 
the branches by the small dull-red berries (see 
fig. 3-14). The foliage is handsome, a shiny dark 

een, and the plant usually makes a round- 
topped shrub that does not grow too large for 
dooryard plantings. Triphasia trifolia has become 
naturalized in certain sections of the United 
States, in “hammocks, fields and cultivated 

ounds, coastal plain, Florida to Texas,” ac- 
cording to Small (1933, p. 760). 


la. Triphasia trifolia forma tetraploidea. 

This form differs from the species in having larger 
flower parts and thicker leaves, aad especially in having 
36 chromosomes in all the somatic cells instead of 18, the 
normal number for almost all plants of the orange sub- 
family so far studied. 


This undoubtedly tetraploid form of the 
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common trifoliate limeberry is like tetraploid 
forms of Citrus in having somewhat thicker 
leaves and larger flower parts. Longley (Traub 
and Robinson, 1937, p. 794) first detected the 
tetraploid nature of this plant. It is one of a 
number of seedlings (of which all the others are 
apparently diploid) grown from seeds of Tri- 
phasia trifolia collected by Dr. J. N. Rose at 
Mazatlan, Mexico, in April, 1910. This is be- 
lieved to be the first instance reported of the 
spontaneous origin of a tetraploid seedling of an 
aurantioid genus other than Citrus or Poncirus. 
It is analogous to the wild-growing tetraploid 
form of Fortunella hindsii, native to the moun- 
tains of southern China, of which a diploid form 
is found in cultivation (see pp. 334-35). Frost 
(1938a) has found tetraploid mutations of sev- 
eral of the commonly grown species of Citrus 
arising as seedlings in California. 

2. Triphasia grandifolia Merr. Phil. Jour. 
Sci. 26(4): 458. 1925. 

Type.—Mindoro Island, P.1. (Ramos, No. 40822). 
Herb. Bur. Sci., Manila. 

Distribution.—Philippines: known only from the 
type locality. 

Common name.—Unifoliate limeberry. 

Merrill's description of this species reads as fol- 
lows: “An erect, nearly glabrous, spiny shrub about 2 m 
high, the branches and branchlets slender. terete, pale 
greenish when dry, the branchlets 1 to 1.5 mm in diam- 
eter, puberulent. Leaves simple, alternate, chartaceous, 
oblong-ovate, 5 to 9 cm long, 2.5 to 4.5 cm wide, green- 
ish when dry, the base broadly rounded, narrowed up- 
ward to the somewhat acuminate apex, the lower surface 
paler than the upper and conspicuously glandular-punc- 
tate; lateral nerves slender, spreading, about 10 on each 
side of the midrib; petioles about 3 mm long; stipules 
spiniform, rigid, stiff, 5 to 7 mm long. Flowers white, 
solitary, axillary, one between each pair of spinelike 
stipules, their pedicels about 6 mm long, somewhat thick- 
ened upward. Calyx about 4 mm in diameter, the tube 1 
to 1.5 mm long, the three broad triangular lobes obtuse to 
acute, punctate, about 2 mm long. Petals 3, imbricate, 
nai punctate, oblong-oblanceolate, about 1.5 cm 
ong, 0.5 cm wide. Stamens 6, their filaments narrowly 
lanceolate, tapering upward, 7 mm long, anthers oblon 
3 mm long. Ovary 3-celled, short-stipitate, oblong, slightly 
thicker than the stout stipe and style, glabrous, the style 6 
mm long, stigma subcapitate. Disk truncate, about 1 mm 
high. Fruits unknown.” 

Triphasia had been known since 1790 as 
a monotypic genus, T. trifolia, the type species, 
was remarkable in having three sepals, three 
petals, six stamens (three alternating with the 
sepals and three with the petals), an ovary with 
three locules, and trifoliolate leaves, so the genus 
name, Triphasia, was unusually appropriate. In 
1925, Merrill received from Mindoro Island in the 


Philippines a second species, clearly a Triphasia, 
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Fig. 3-14. Triphasia trifolia. Fruiting branch grown at Citrus Research Center, Riverside, California. 
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with 3-merous flowers as in T. trifolia but with 
large gs leaves instead of small trifoliolate 
leaves. The fruits of this interesting species are 
still unknown. 


Subgenus Echinocitrus (Tan.) Swing., 
n. comb. 


3. Triphasia brassii (White) Swing. Jour. 
Wash. Acad. Sci. 28:532. 1938. Paramignya brassii 
C. T. White, Jour. Arnold Arbor. 7:231. 1926; 
Echinocitrus brassii (White) Tan. Jour. Arnold 
Arbor. 9:138. 1928. 

Type——New Guinea, Papua, Rigo (Brass, No. 
817). Herb. Arnold Arbor. 

Distribution.—New Guinea: known only from the 
original locality. 

The original description of Param 
(= Triphasia brassti) by C. T. White, translated, reads as 
follows: “A slender bush, attaining 2 m in height, 
branches drooping (fide Brass); spines numerous, single 
or paired, 0.8-1.5 cm long, slender, puberulous, evanes- 
cent on fast-growing large shrubs; leaves shiny, dark 
green (fide Brass), with short petioles; petioles puberulous, 
2-3 mm long, varying greatly in the size of the blade, on 
flowering twigs small (1.5 x 0.8 cm), usually ra (4 X 
3 cm), ovate-rhomboid, retusely acuminate at the apex, 
lateral veins 5-6 pairs, visible above and below; flowers 
sweet-scented (fide Brass), axillary, solitary, with a gla- 
brous peduncle thickened toward the apex, about 1 cm 
long; calyx 5-lobed, lobes broadly deltoid, about 1 cm 
long, margins ciliate; petals 5, obovate, 1 x 0.3 cm, with 
numerous oil glands outside toward the tip; stamens 10, 
filaments free, 6 mm long, anthers linear, 2 mm long; 
ovary lageniform, short-stipitate; stipe in dried specimens 
slightly ribbed; style thick, ribbed, 5 mm long, stigma 
discoid; fruit red, of variable form, ellipsoid, pyriform or 
obovoid, 3 cm long, 1.5-2 cm diam., 5-locular, pulp 
scanty, seeds 1 or 2 in each locule, 1 x 0.6 cm.” 

The simple crenate leaves of the type material of 
this species are usually broad at the base, often nearly 
trangular in outline. 

In discussing this plant, which he made 
the type of a new genus, Echinocitrus, Tanaka 
(1928c, p. 138) wrote: “.. . the present species is 
closely allied to Triphasia in its puberulent, some- 
what zigzag branches armed with paired sharp 
spines, in the thin leaves without prominent retic- 

ation, solitary flowers with cupulate calyx and 
slender petals, free filiform filaments and linear 
anthers, stalked ovary narrowed into a long style, 
and in the few-celled bright-colored berry with- 
out pulp-vesicles. It is, however, distinct from 
Triphasia primarily in having 5-merous flowers, 
while both species of Triphasia (T. trifolia and 
T. grandifolia) have always 3-merous flowers. 
This species is far more spiny than Triphasia, 
especially at the juvenile stage, and the fruit is 
very much larger and mostly pointed at the base, 
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not at the apex, the segments containing dis- 
tinctly biseriate seeds. The leaves are crenate, 
not entire, and the icel of the fruit is very 
much elongated; lobes are distinct and 
ovoid-deltoid, not so broad and flat-triangular as 
in Triphasia. The calyx lacks pubescence but is 
only minutely ciliate on the margin. The a - 
ed of the fruit is very much like an a ae 
quat (Fortunella margarita Swingle), but it lacks 
pulp-vesicles.” 

The characters mentioned above are most 
of them of specific rather than generic nature. 
The fact that this species is 5-merous (except that 
the stamens are twice as many as the petals) is 
not an adequate character to separate it as a 
distinct genus from T. trifolia and T. grandifolia, 
both of which have 3-merous flowers (except the 
stamens, which are 6-merous). Such variation in 
the number occurs frequently in genera belong- 
ing to the subtribe Triphasiinae, of which Tri- 


_phasia is the type genus. 


X!1. Pamburus Swingle 


XI. Pamburus Swingle, Jour. Wash. Acad. 
Sci. 6:336. 1916. Chilocalyx Turcz. (non Klotzsch), 
Bul. Soc. Nat. Mosc. 36:588. 1863. Illus. Wight, 
Hook. Bot. Misc. 3:291, pl. 33. 1833; fig. 3-15 
this work. 

Type species.—Limonia missionis Wight = Pam- 
burus missionis (Wight) Swing. 

Distribution.—India: Madras State; Ceylon; Viet- 
nam: Annam, Cochin China; Java; Bali. 

Common name.—Pamburus. 

Much-branched, very thorny shrubs or small trees, 
young twigs angled, soon becoming terete; leaves simple, 
ey thick; petioles short, less than 40 the length of the 
leaf blade, more or less margined but not winged, not 
articulated with the leaf blade; inflorescences axillary 
racemes shorter than the leaves but longer than the ‘ait 
oles; flowers 4- or 5-merous; calyx cupulate, 4-5-lobed; 
petals 4 or 5, obovate or elliptic-oblong; stamens 8-10 
(twice as many as the petals), filaments free, slender, ge 
brous, anthers cordate-elliptical or linear-oblong; di 
cylindric, narrower than the ovary; ovary with 5 (or some- 
times 4) locules, with 2 ovules in each locule; fruits glo- 
bose (resembling a very small orange in appearance), with 
a well-developed peel showing numerous oil glands, the 
segments usually containing 1 or 2 seeds surrounded by 
a glutinous mucilage (pulp-vesicles lacking); seeds large, 
thick, globose or ovoid. 

Pamburus differs from Paramignya in its 
shrubby habit and lack of retrorse or hooked 
spines, and in its thick leaves with rounded tips 
and short non-articulated petioles without pul- 
vinoid tips. Its relationships to the other genera 
of the subtribe Triphasiinae are still obscure and 
should be cleared up by a detailed study of the 


flowers and fruits. 
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Fig. 3-15. Pamburus missionis. Leafy twig from Wash- 
ington, D.C. greenhouse. 


Pamburus missionis (Wt.) Swingle, Jour. 
Wash. Acad. Sci. 6:338. 1916. Limonia missionis 
Wt. Hook. Bot. Misc. 3:291. 1833; Atalantia mis- 
sionis (Wt.) Oliv. 1861; Chilocalyx ellipticus 
Turcz. 1863. Illus. Wight, loc. cit. pl. 33; fig. 3-15 
this work. 

Type.—British India, Madras Presidency, Talaar 
(Wight in Wallich, No. 6358-B). Herb. Kew. 

Distribution. —India. 

Common name.—Pamburus. 

The original description by Wight reads as fol- 
lows: “Leaves simple, elliptical-oblong, short-petioled; ra- 
cemes many-flowered, in the axils of the spines, shorter 
than the leaves. 

“A small tree, with a round, very branching, 
bushy head; the branches round, smooth, ‘bright green, 
the older ones armed with numerous large, strong, s 
thorns, the flower-bearing ramuli flexuose, with small, 
straight, axillary spines. Leaves alternate, short-petioled, 
oval, sometimes emarginate and slightly crenate, oftener 
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entire, smooth, coriaceous, dark shining green, mottled with 
white spots, and perforated with numerous pellucid points. 
Racemes in the axils of the spines, shorter hen the leaves, 
somewhat capitate. Flowers numerous, fragrant, pure 
white. Calyx small, 4- or 5-lobed. Corolla 4-5-petaled, 
caducous. Petals obovate. Stamens 8 or 10, a little shorter 
than the petals. Filaments subulate. Anthers erect, large 
in proportion to the flowers. Pistil: germen superior, e 
vated on a glandular receptacle, globular, 4- or 5-celled, 
with several ovules in each cell, only one of which usually 
arrives at maturity. Style cylindrical. Stigma capitate. 
Pericarp a 4- or 5-celled berry; cells containing a very 
glutinous mucilaginous fluid, and one roundish seed, en- 
closed in a thick, firm, glandular, orange-like fruit. 

“This tree is found, rather frequently, in sandy 
soil near the sea-coast, flowering towards the end of the 
cool season, and ripening its fruit about August or Sep- 
tember. The corolla falls a few hours after expansion; 
hence it is difficult to procure ens in flower. That 
here figured was gathered about the beginning of March.” 

Swingle’s description of the species given when 
the genus Pamburus was established (1916a, p. 338) reads 
as follows: “A much-branched shrub or small tree, armed 
with stout straight spines, these 2-3 cm long, arisin 
singly (or rarely in pairs?) on the side of the bud in the 
axils of the leaves. Leaves oval, oblong-obovate or ellip- 
tical, 6-10 cm long, 2-4 cm broad, very thick, coriaceous, 
glandular-punctate, the tip rounded, sometimes slightly 
emarginate, the base narrowed rather abruptly into the 
petiole, the margin entire, becoming gray and apparently 
crenate in drying; lateral veins inconspicuous, tertiary ones 
not apparent, the two faces very similar in appearance, 
drying to velvety gray-green unlike those of any other 
senibe of the subfamily Citratae [Aurantioideae]. 
Flowers 12-20 mm in diameter, fragrant, with small 
pointed sepals and 5 or 4 white obovate caducous petals 
about 1 cm long. Pistil about 1 cm long. Fruit about 2.5 
cm in diameter, orange-colored when ripe, with a thick 
peel dotted with oil glands, 5-4-celled, the cells contain- 
ing 1 or 2 seeds surrounded by a sticky gum.” 


This remarkable plant has leaves unlike 
those of any other member of the orange sub- 
family (see fig. 3-15). In drying they me 
pale gray-green and show what seems to be a 
fine-textured, velvety surface. As it grows com- 
monly in the dry region of Ceylon and in the 
flat, sandy coastal lands of Madras State in India, 
it may prove to be the fourth genus of the orange 
subfamily to show somewhat xerophytic struc- 
ture, the other three being Oxanthera of New 
Caledonia, and Microcitrus and Eremocitrus, 
both of the semiarid regions of northeastern 
Australia. 

The wood of P. missionis is used in India 
for making furniture. The species should be 
tested as a rootstock for Citrus with Oxanthera 
fragrans and Eremocitrus glauca in the hope of 
finding rootstocks able to grow in soils with 
heavy content of mineral salts. Pamburus mis- 
sionis was introduced into the United States 
several decades ago. 
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In 1941, a five-year-old tree of this species 
growing at the Plant Introduction Garden in 
Coconut Grove, Florida was about 2.5 meters 
high and 1.5 to 2 meters wide, with a very dense 
top composed of exceedingly numerous, short, 
divergent, very leafy twigs with stout, very sharp 
spines, 1.5 to 4 cm long, attached nearly at right 
angles to the twig every 2 to 4 cm. The younger 
branches, the spines, and the more or less ex- 
posed under surfaces of the leaves were all of 
the same vivid green color, close to grass green 
(Ridgeway, 1912, pl. 17). The upper surfaces of 
the leaves, also visible in large part, were a 
slightly darker green, near Hay’s green (Ridge- 
way, 1912, pl. 6). The foliage was not only vivid 
green, but perfectly smooth and glossy, and 
showed no traces of injury from insects or dis- 
eases. This plant seems admirably suited for 
making beautiful hedges of moderate height, 
since it stands pruning well. 

Anatomical study of freshly gathered 
leaves shows that the upper surfaces have two 
layers of palisade cells and the under surface 
one layer. This doubtless explains the almost 
identical appearance of the upper and lower 
surfaces of the leaves and the almost complete 
masking of the veinlets. 
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The plants grown at Coconut Grove 
thrived on rather poor, sandy soil that thinly 
covered a subsoil composed of porous limestone 
rock. The pamburus seems to withstand nearly 
as much cold as the commonly cultivated species 
of Citrus. 


GROUP C. THE LUVUNGA GROUP 


The two closely related genera Luvunga 
and Paramignya, with a total of twenty-seven 
species, are both clambering woody lianas that 
hold fast to the branches of trees by means of 
retrorse or sometimes strongly recurved spines. 
The leaves of Luvunga are large, apparently 
palmately trifoliolate, with very long wingless 
petioles; those of Paramignya are medium-sized, 
unifoliolate, with short petioles. Both genera 
have the petioles articulated at both ends (at the 
junction with the leaf blade above and with 
the twig below). These joints at both ends of the 
petioles are more or less swollen and pulvinoid, 
which permits each leaf to take up the best pos- 
sible position to catch the light. The ovaries are 
2- to 5-locular and each locule has two ovules. 
The fruits, so far as known, do not contain pulp- 
vesicles. 

The fruits both of Luvunga and of the 


KEY TO THE SPECIES OF LUVUNGA 


A Stamens more or less connate (i.e., united into a tube at the base). 
I Filaments glabrous; leaflets narrow with acute or acuminate tips. (India.) .........0...000.. eee eens 1) L. scandens 
II Filaments minutely pubescent; leaflets very thick, broad, rounded at the tips and often emarginate, sometimes 
abruptly apiculate. (Sumatra, Malay Peninsula, Borneo.) .................0::sssscsccssssesesceseeeeeeeeeseeeeseesessees 2) L. crassifolia 
III Filaments woolly above, connate only at the very base; leaflets elliptical, short-acuminate. (Indo-China.) 
3) L. nitida 
AA Stamens free or nearly so. 

I Species of India, Ceylon, Burma, Thailand, South Vietnam, Sumatra, Java, and Borneo. 

B Filaments glabrous; leaflets narrow; fruits globose. (Ceylon.) .....................ss:ssseeeseeeeeeeeeeee 5) L. angustifolia 
BB Filaments more or less pubescent. 

a) Leaflets broad, 7.5-13 x 3.5-6.5 cm, elliptical or obovate, shortly acuminate; calyx obscurely 4- or 5- 


lobed, truncate; fruits ovoid, 2.5-3 « 1.8-2 cm. (Western India.) .............0..00cceeee 4) L. eleutherandra 
b) Leaflets very long (23-46 cm), obovate-lanceolate or oval; calyx 5-lobed, shallow. (Borneo.) 

8) L. motleyi 

c) Leaflets broad (8-18 x 7.5 cm); flowers 5-merous; calyx large (5 x 5 mm); flower buds acorn-shaped. 

CB OPNEO:) 2hces ti eat Se ak sects essa sop carat na vaatunec cee stant ore teutbavat ttl wagsceust ue taheniaentdel te 7) L. borneensis 

d) Leaflets narrow (8-15 x 2.5-3 cm; young leaflets up to 30 cm long); flowers 3-4-merous; calyx small 

(2-3 mm diam.); filaments very pubescent; fruits small. (Java, Sumatra, Borneo?) .......... 6) L. sarmentosa 


BBB Species with inadequately known flowers and fruits. 
e) Leaves much like those of Evodia euneura Miq.; leaflets 22-30 x 4 cm, obovate-lanceolate, shiny on 
both surfaces, lateral nerves conspicuous, petioles 20-23 mm long. (Bangka Island, near Sumatra.) 

11) L. calophylla 

f) Leaflets 10-20 cm long, oblong-elleptical, petioles 7.5-15 cm long. (Burma: Tenasserim.) 
12) L. tavoyana 

II Species of Philippine Islands and New Guinea. 

g) Filaments pubescent; fruits large (18-22 mm diam.); spines retrorse, not strongly-curved. (Philippines: Min- 


RIVA: DSTI css lg hae as ed Saleen warp c nc sateen Bi asta nade as anml saga Mena fosyctueiun dem eat 9) L. philippinensis 
h) Filaments glabrous; fruits very small (10-15 mm diam.); globose; spines very strongly recurved. (New 
ONY rh i aa a laa Ot aan Dasky War dec nctiels: sens auanace ous aCe wenhedeadlaa el ates te aloe 10) L. papuana 
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typical species of Paramignya show a strikin 

dimorphism of the oil glands, those in the pee 
being small, those in the deeper tissues between 
the peel and the locule cavities being much 
larger. Possibly the deeper glands may produce 
not oil but mucilage that ultimately flows into 
the locule cavities about the seeds as the fruits 
ripen. Only the study of fresh living fruits can 
decide the matter. 


It is highly probable that Luvunga and 
Paramignya are descended from a common an- 
cestral plant with pinnate or trifoliolate leaves. 
When Luvunga plants bear unifoliolate leaves, 
they have very much shorter petioles than do 
the normal trifoliolate leaves and, in consequence, 
look much like normal Paramignya leaves. The 
flowers of both Luvunga and Paramignya look 
much like those of Citrus except for having fewer 
stamens (only twice as many as the petals instead 
of the four or more times as many found in 
Citrus). The fruits look much like miniature 
lemons or limes, and, like ordinary Citrus fruits, 


have a peel thickly dotted with oil glands. 


Abundant material of the genera Luvunga 
and Paramignya studied by Tillson (1938, pp. 11, 
12, 24) shows that in the development of the 
flower the petal midrib, as it diverges from the 
axis, carries, fused with it, the lateral sepal traces, 
an unusual type of floral vascular anatomy, char- 
acteristic of the Primitive Citrus Fruit Trees of 
the subtribe Citrinae, of the species of the sub- 
genus Citrus (comprising all the commonly culti- 
vated citrus fruit trees), and of Swinglea (see Till- 
son and Bamford, 1938, p. 791). 


It is possible that more thorough study of 
the developing fruits will show that Luvounga 
and Paramignya are so closely related to the 
Primitive Citrus Fruit Trees that they should 
be transferred out of the subtribe Triphasiinae 
to the subtribe Citrinae. In the meantime, as the 
highest group (C) of the Minor Citroid Fruit 
Trees, the Luvunga group is placed next to the 
Primitive Citrus Fruit Trees (group A) of the 
subtribe Citrinae. 


Xil. Luvunga Buch.-Ham. 


XII. Luvunga® (Lavanga) Buch.-Ham. 
Wall. Cat. 217. 1831; Wt. & Arn. Prodr. 1:90. 1834. 
Lampetia Roem. Syn. Hesper. 1:42. 1846. 
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Type species.—Luvunga scandens (Roxb.) Buch.- 
Ham. 

Distribution—India, Ceylon, Burma, Thailand, 
Indo-China, Malay Peninsula, Sumatra, Java, Borneo, 
Philippines, and New Guinea. 

Common name.—tTrifoliate liana-limes (or lu- 
vunga). 

Woody lianas with single, recurved, 
spines; leaves 3-foliolate with long, wingless petioles; leat- 
lets oval to lanceolate, acute or acuminate at the apex, en- 
tire, often slightly revolute on the margins; inflorescences 
dense axillary racemes or panicles; flowers 4- or 5-merous; 
calyx al pra tie 4-5-lobed; petals 3-5, linear or lanceo- 
late, thick; stamens 6-10 (rarely fewer), with free, or more 
or less connate, filaments and linear anthers; ovary elon- 
gate-ovoid, seated on a columnar gynophore, locules 2-4, 
with 2 collateral or superimposed ovules in each locule; 
style gradually merging with the ovary, thick, sooner or 
later caducous, stigma capitate; fruits ellipsoid or globose, 
rind thick; seeds 1-3, imbedded in mucilaginous matter 
(pulp-vesicles not present). 

Luvunga includes about twelve species 
which are very similar in general appearance. All 
the species are woody vines that cling to forest 
trees by means of strong, recurved spines in the 
axils of the leaves. They also agree in having tri- 
foliolate leaves (occasionally unifoliolate or di- 
foliolate), borne on very long, wingless petioles, 
and in bearing crowded clusters of strongly but 
agreeably scented, white, orange-like flowers in 
the leaf axils. The fruits are small, globose or 
ovoid, usually rough-skinned, and yellow in color; 
they somewhat resemble miniature lemons or 
oranges in appearance but contain no juice. In- 
stead they are filled with a sticky mucilaginous 
substance in which the few medium-sized seeds 
are imbedded. 


The species of Luvunga are difficult to 
distinguish from a study of herbarium specimens 
and need critical study badly. Only ten species 
are well enough known to be keyed out here, but 
two more of doubtful validity are added (p. 264). 
Few genera in the orange subfamily show so 
little caer among the species as does Lu- 
vunga, but this genus is not closely related to 
any other of the Minor Citroid Fruit Trees except 
Paramignya, which is also a “Sb of w ni 
vines that hold fast to the branches of trees with 
their reflexed spines. Luvunga differs from Para- 
mignya chiefly in having an unusual type of tri- 
foliolate leaves on long, stiff petioles. Occasion- 
ally unifoliolate leaves with short petioles are 
produced by species of Luvunga; such leaves 


6 The first publication by Wallich of Buchanan-Hamilton’s generic name was in the form Lavanga, as nearly 
as can be sri an from the minute lithographed manuscript writing. This was apparently a mistake, as the vernac- 
ular name is derived, according to Roxburgh (1832, vol. 2, p. 380), from the Sanskrit name luvunga-luta (called a Ben- 


gali name by Voigt, 1845, p. 140). 
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bear a close resemblance to the characteristic 
leaves of Paramignya. It is possible, even prob- 
able, that the genus Paramignya arose from an 
aberrant species of Luvunga which produced 
only unifoliolate leaves. 

The fruits of Luvunga show almost exactly 
the same structure as those of Paramignya (de- 
scribed on p. 270). They have small oil glands 
in the peel and much larger ones in the tissue 
between the peel and the locule cavities. This 
dimorphism of the oil glands (possibly oil glands 
and mucilage glands?) is very evident in fruits 
of L. sarmentosa growing in the Botanic Garden 
at Buitenzorg, Java, collected by C. S. Sargent, 
October 16, 1903, now in the herbarium of the 
Arnold Arboretum (Tanaka, Det. No. A-325), 
and in L. crassifolia collected in Sumatra by H. S. 
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Fig. 3-16. Luvunga scandens. Terminal growth. 
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Yates (No. 254) in 1922, now in the herbarium 
of the University of California, sheet 226,095 
(Tanaka, Det. No. C-254). 


All the species of Luvunga are woody vines 
that clamber high on trees of tropical evergreen 
forests. The fruits are small, 1 to 3 cm in diame- 
ter, globular or lemon-shaped, with a rough peel 
and a few medium-sized seeds. These luxuriant 
vines, bearing thousands of densely crowded, 
fragrant white flowers, may prove useful as orna- 
mentals in southern Florida, Puerto Rico, and 
other rainy tropical regions. 

1, Luvunga scandens (Roxb.) Buch.-Ham. 
Wall. Cat. 6382. 1831. Limonia scandens Roxb. F1. 
Ind. 2:380. 1832. Illus. Hooker, Bot. Mag. 86: pl. 
4522 (col.). 1850; Paxton, Fl. Gard. 1:109. 1850— 
1851; Lemaire, Jard. Fleuriste 1: pl. 75 (col.). 
(copied exactly from Hooker, loc. cit.) 1851; 
Schnizlein, Iconogr. 3: pl. 224. 1857-1865; Pierre, 
Flore Forest. Cochinch. 4: pl. 288A. 1893; Guil- 
laumin, in Lecomte, Fl. Gén. Indo-Chine 1:667, 
fig. 71 (1-2). 1911; Basu, Ind. Med. PI. pl. 194. 
1918; fig. 3-16 this work. 

Type.—British India, hills about Silhet (Rox- 
burgh). Herb. Hort. Bot., Calcutta. 

Distribution.—India, Burma, Laos, North Viet- 
nam, South Vietnam, Thailand; also occurs in Sumatra 
and Borneo (fide Tanaka). 

Common name.—Indian liana-lime (or luvunga). 

Twigs with long, acute, slightly recurved thorns; 
leaves variable; petioles 5-13 cm; leaflets slender, elliptic- 
oblong or oblanceolate, acute or acuminate at the tip, 
cuneate at the base, venation inconspicuous; inflorescences 
small, axillary cymes; flowers about 1.5-2 cm diam.; calyx 
with 4 short, truncate lobes; petals 4, white, fleshy, re- 
curved, 12.5-18 mm long and 2-6 mm wide; stamens 8, 
glabrous, with the filaments connate nearly to the tips; 
ovary with 3 or 4 locules, ovules 2 in each locule; fruits 
oblong, about 25 x 20 cm (“size of a pigeon’s egg”), 
rather smooth; seeds oval, somewhat pointed, integument 
thin, monoembryonic cotyledons oblong, green. 

This, the type species of the genus, is 
easily recognized by the smooth, entirely hairless 
staminal filaments that are fused ne Sage nearly 
to their tips into a tube and by the long, slender, 
pointed leaflets. It is native from northeastern 
India through northern Burma, Laos, Cambodia, 
and North and South Vietnam. Luvunga scandens 
is the best-known species of the genus, as it has 
been very well illustrated by Hooker and Pierre. 
It can be easily grown in a greenhouse but, ac- 
cording to experiences in Europe, it does not 
flower unless given opportunity to climb high, as, 
for instance, in a palm house. 


2. Luvunga crassifolia Tan. Med. Rijks 
Herb. Leiden 69:8. 1931. 
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Type.—Malacca (Maingay, No. 285). Herb. Kew. 

Distribution.—Malay Peninsula, Borneo, Sumatra. 

Tanaka’s original description, translated, reads as 
follows: “Branches thick; spines curved; petioles short, 
somewhat thick; leaves very thick, obovate or oblong- 
obovate, rounded at the apex, frequently emarginate, 
often apiculate, obtuse at the base, margins slightly rev- 
olute, shiny above, with distinct veins, dull below, mi- 
nutely verrucose. Inflorescence many-flowered; flowers 
large; calyx deeply cup-shaped; filaments connate, puber- 
ulous. Fruit large, tubercular, foveolate.” 

This may be supplemented by the following notes 
Swingle was able to e from a specimen in the her- 
barium of the Arnold Arboretum, identified by Tanaka as 
L. crassifolia (Tan. ident., No. A-328; coll. by H. S. Yates, 
No. 766, east coast of Sumatra). 

This specimen has rather thick, semicoriaceous 
leaves, with 12-15 pairs of lateral veins visible on both 
surfaces, more conspicuous below, arising at an angle of 
45°-55° with the midrib; terminal leaflets 21-22.5 x 7.5- 
8 cm, lateral leaflets 16.5-18.5 x 6-6.5 cm; petiole 11- 
14.5 cm long. An inflorescence shows 6 fruits with a per- 
sistent, cup-shaped calyx, 7-9 mm wide, 2.5-3 mm high, 
with 5 (P) blunt, short lobes; icels 6-8 mm long, artic- 
ulated with the short lateral branches (3-5 mm long) of 
the inflorescence; fruits (dried herb. spec.) fusiform, apex 
acute, with apparently persistent style, base abruptly 
rounded. 

This species differs from L. scandens in 
having blunter, thicker leaves, with evident vena- 
tion, and in having pubescent filaments. L. cras- 
sifolia was evidently included in L. scandens in 


many of the older floras of the Malayan region. 


3. Luvunga nitida Pierre, Flore Forest. 
Cochinch. 4: text to pl. 288B. 1893. Illus. Pierre, 
loc. cit. pl. 288B (1-8). 

Type.—French Indo-China, Cambodia, Province 
of Tran (Pierre, No. 3876). Herb. Mus. Hist. Nat., Paris. 

Distribution.—South Vietnam: Pell Mountains in 
Chaudoc Province; Cambodia: Tran Province (the original 
localities cited by Pierre; not known elsewhere). 

Leaflets elliptic or oblong, abruptly acuminate, 
obtuse or acute at the tip, usually obtuse at the base (11- 
20 x 5-8 cm), having about 10 pairs of widely spaced, 
faint nerves; petioles 7-8 cm long; flowers 4-merous, pe- 
duncles 3-4 mm long; se 4, fused together, ciliate on 
the margins; petals 4, oblong, rounded and blunt-pointed 
at the tip, reflexed when fully open; stamens usually 6 or 
7, filaments glabrous, slender, free except at the very base, 
where they are connate, anthers oblong; ovary, with 3 or 
4 locules, seated on a disk 1 mm hi 4 with 2 superim- 

sed ovules in each locule; style rather thick, 4.5-5 mm 
ng, summit expanded into the truncate stigma; fruit 
unknown 


This species was considered a synonym of 
L. scandens by Tanaka (1930a, p. 52). However, 
the free stamens and the broad: leaflets, bluntly 
rounded at the base with only about ten pairs 
of faint veins, as well as the style gradually 
expanded into the truncate stigma, show that it 
is quite different. It is much more closely allied 
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to L. eleutherandra, from which it differs in 
having glabrous, filiform staminal filaments and 
larger leaflets with obtuse bases. 


4, Luvunga eleutherandra Dalz. Hook. 
Kew Jour. Bot. 2:258. 1850. Illus. Engler, Die Nat. 
Pflanzenfam. 3(4):189, fig. 109, M-R (fls.). 1896; 
ibid. 19a:323, fig. 147, M-R. 1931; Talbot, Forest 
Fl. Bomb. Presid. 1:197, fig. 120 (Ivs. and fts.). 
1900. 

Type.—British India, Bombay Presidency, Syha- 
dree Mountains (Dalzell, No. 54). Herb. Kew. 

Distribution.—India, Ceylon (also reported, prob- 
ably erroneously, from Malay Peninsula, Sumatra, and 


ava). 

Branches flexuose, with sharp, somewhat deflexed, 
nearly straight spines, 1.5-2 cm long; leaflets 7.5-13 x 
3.5-6.5 cm, elliptic-oblong or obovate, shortly acuminate, 
base usually acute; petiole 2.5-7.5 cm long; dicen small, 
4-merous; calyx cup-shaped, almost entire or obscurely 4- 
or 5-lobed, truncate, puberulous; petals 4, elliptic-oblon 

reflexed, 6-7 mm long; stamens 8, shorter than the : 
filaments free, dilated finely pubescent; style short, stout; 
fruits ellipsoid, small, 2.5-3.5 x 1.5-2 cm, peel rough and 


pitted. 

This small-leaved and small-flowered spe- 
cies is found, according to C. E. C. Fischer (1921), 
in the western part of peninsular India from 
Konkan southward to the Anaimalai Hills in the 
Coimbatore district in evergreen forests above 
3,000 ft. altitude (between Lat. 10° 13’ and 10° 
32’ N.). 


5. Luvunga angustifolia (Oliv.) Tan. Bul. 
Soc. Bot. France 75:711. 1928. Luvunga eleu- 
therandra Dalz. var. angustifolia Oliv. Jour. Linn. 
Soc. Bot. 5(2):44. 1861. 

Type.—Ceylon (Walker and Thwaites, No. 1195). 

Distribution.—Ceylon. 

Branches with spines like those of L. eleutheran- 
dra but slightly shorter (about 2.5 cm); leaves 3-foliolate 
with petioles 3.4-6.5 cm long; leaflets very variable, oval- 
lanceolate or linear-lanceolate, shortly acuminate at the 
apex, entire, 7.5-20 cm long; filaments free, subulate, gla- 
brous (instead of finely pubescent as in L. eleutheran- 
dra); fruits 2 cm diam., globular (instead of ellipsoid as in 
L. eleutherandra). 

This Ceylon species as described by Tri- 
men (1893, p. 224) and Tanaka (1928), pp. 711- 
12) appears to be fairly distinct from L. eleuthe- 
randra. A careful comparison should be made of 
the plant of western peninsular India on which 
Dalzell based his L. eleutherandra in 1850 and 
of the Ceylon plant on which Oliver established 
his variety 8B (angustifolia) in 1861. Both the 
species of western peninsular India and that of 
Ceylon were said by Talbot (1909, p. 197) to grow 
at altitudes of from 3,000 to 5,000 feet in ever- 
green forests. L. eleutherandra occurs only about 
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200 miles northeast of the mountain region of 
south-central Ceylon where L. angustifolia is 
found. L. angustifolia is said to show a tendency 
to dioecism. Thwaites stated (1864, p. 48): 
“, . . this species would appear to be dioecious, 
as in some plants the ovaries of all the flowers 
are entirely without ovules.” 


6. Luvunga sarmentosa (Blume) Kurz, Jour. 
Asiat. Soc. Bengal 39(2):69. 1870. Triphasia sar- 
mentosa Blume, Bijdr. Fl. Nederl. Indie 152. 1825. 

Type.—Java, Salak (Blume). Rijks Herb., Leiden. 

Distribution —Java; Sumatra; Bomeo; Malaya; 
southern Burma: Tavoy in Tenasserim. 

Leaves 3-foliolate, leaflets usually small, about 
12.5 cm long (but up to 30 cm long on young plants, ac- 
cording to Koorders, 1912, p. 426), with obscure venation, 
elliptical or obovate (young leaflets sometimes linear, acu- 
minate, as narrow as 30 X 3 cm), abruptly acuminate at 
the tip, sometimes short-caudate, but the very tip bluntly 
rounded, acute or broadly rounded at the base; flowers 
small, with free, very pubescent filaments; calyx 2-3 mm 
diam., with 5 triangular, minutely pubescent acutish 
lobes; fruits small. 

In spite of Kurz’s recognition of this plant 
in 1870 as a species of Luvunga distinct from 
L. eleutherandra, it was not considered by other 
taxonomists to be a distinct species until] Tanaka 
(1931b, p. 9) published very helpful notes on 
the species of Luvunga found in the Dutch East 
Indies (now West Irian, Indonesia). He exam- 
ined in the Leiden herbarium the type specimens 
of Blume on which L. sarmentosa was founded 
and was able to distinguish it from L. eleuthe- 
randra of western peninsular India and from L. 
angustifolia of Ceylon. 


7. Luvunga borneensis Hochr. Cat. Hort. 
Bogor. 1:41. 1904; and (simultaneously?) in PI. 
Bogor. Exsic. 19. 1904. 


Type.—Borneo, Sambus (Hochreutiner). Herb. 
Hort. Bot., Buitenzorg, Java (now Kebun Raya, Bogor, 
Java). 

Distribution.—Known only from the original lo- 
cality, but it is cultivated in the Botanic Garden in Bogor, 


ava. 
(After Hochreutiner]: “Differs from L. eleuther- 
andra [probably L. sarmentosa is intended) having corolla 
and especially the calyx (5 mm high and 5 mm wide) 
larger; flowers 5-merous [instead of 3-4-merous]; stigma 
capitate and much larger; flower buds acorn-shapeg; in- 
florescences fewer-flowered. It differs from L. Motleyi in 
having petioles 7.5-15.5 cm long; petioles 8-10 mm long; 
leaflets 9-16.5 cm long and 5-7.5 cm wide; flowers in 
cymes no denser than in L. eleutherandra [L. sarmen- 
tosa?).” 

Unfortunately, no additional information 
has been published since 1904 and no additional 
collections of this plant have been made in Bor- 


neo. Tanaka did not see the type specimen in the 


Google 


THE CITRUS INDUSTRY 


herbarium of the Botanic Garden at Buitenzorg 
(now Bogor), Java, nor did he report on Hochreu- 
tiner’s authentic specimens of this species distrib- 
uted in his Plantae bogorienses exsiccatae, No. 30, 
in 1904. It has been possible to examine (in Wash- 
ington, D.C.) an authentic flowering specimen of 
this species distributed in the exsiccatae by Hoch- 
reutiner as well as a specimen from another plant 
growing alongside in the same botanical garden. 
They show the following characters: Spines on 
sterile shoots about 2 to 2.5 cm long, very strongly 
recurved and very sharp, but none on the flower- 
ing shoot; leaves trifoliolate; petioles 2.5 to 8.5 
cm (usually 5 to 8 cm) long; leaflets broadly ellip- 
tical, abruptly acuminate at the apex, acumen 
blunt on the authentic flowering specimen and 
acute on the sterile plant, broadly cuneate or 
rounded (on small leaves) at base, with 10 to 14 
pairs of parallel veins scarcely visible on the 
upper surface but very evident on the under sur- 
face in dried specimens; inflorescences ene 
composed of 1 to 4 short (3 to 4 cm), divaricately 
branched cymes; pedicels 3 to 4 mm long; calyx 
cup-shaped, very finely  lnaadin 3.5 to 5 mm 
wide and 3 to 4 mm , with five broadly 
rounded lobes, finely ciliate on the margins; 
corolla and stamens lacking; pistils 7 to 9 mm 
long; ovary slender, finely pubescent. 


8. Luvunga motleyi Oliv. Jour. Linn. Soc. 
Bot. 5(2):44. 1861. 

Type.—Borneo, Banjarmassing (Motley). 

Distribution Borneo, Sumatra. 


[After Oliver, 1861, p. 44]: Branches slender, 
glabrous; petioles of the size of a crow’s quill, 10-12 in. 
[25.5-30.5 cm] long; petiolules sometimes 8-10 lin. [16- 
20 mm] long; leaflets obovate-lanceolate, entire or slightly 
undulate-crenate, 9-18 in. [23-46 cm] long, 4-6 in. [10- 
15 cm] wide; flowers ee pedicels, in dense, a 

ressed, axillary cymes; calyx somewhat cupulate, with 5 
all triangular lobes or scarcely lobed; eels 6 (P); sta- 
mens 10, free; ovary with 3 or 4 locules. 

Tanaka (19315, p. 9) noted that this species has 
extremely eal leaflets with distinct venation, large 
flowers with shallow calyx, and free, very pubescent aia 


ments. 


9. Luvunga philippinensis Merr. Phil. Jour. 
Sci. Bot. 3:233. 1908. 

Type.—Philippines, Mindanao, Zamboanga (Whit- 
ford and Hutchinson, No. 9104). Herb. Bur. Sci., Manila. 

Distribution.—Philippines: Mindanao Island; Bor- 
neo. 

[After Merrill]: A climbing vine; petioles 9-13 
cm long; petiolules stout (5 mm); leaflets 15-25 x 6-10 
cm, subcoriaceous, oblong to oblong-elliptical, apex acu- 
minate, the acumen blunt or retuse, base acute, margins 
entire, with 8-10 pairs of irregular nerves, somewhat 
prominent beneath, anastomosing; “inflorescenses of small, 
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3-flowered, racemose cymes, bore on the branches 
below the leaves or in the leaf-axils”; pedicels 4-5 mm 
long; flowers white, fragrant; calyx say Fae iy about 4 
mm wide, truncate or very obscurely 5-toothed, its stipe 
2 mm long; petals 3 or 4, oblong, obtuse at apex, 9-10 x 
3.5-4.5 mm; stamens free, filaments short, swollen, gla- 
brous, about 6 mm long; ovary with 4 locules, oblong, 
uadrangular in cross section, about 3 mm long, 1.2 mm 
thick, scarcely narrowed into the stout style, nearly equal- 
ing the ovary in length; stigma capitate. 

Tanaka (1931b, p. 9) found that Luvunga philip- 
pinensis differs from his crassifolia in having indistinct 
venation, small flowers, free pubescent filaments, and large 
fruits borne on a small calyx. 

The original description was based on 
specimens with spineless twigs, such as are not 
uncommon in fruiting branches. Undoubtedly 
ney growing young branches of this species 

ill be found to bear the retrorse (but not 
coiled) spines characteristic of this genus. 

Luvunga philippinensis is well distin- 
guished from L. papuana (the only species known 
to the south and east some 3,600 km distant in 
northeastern New Guinea), which has smaller 
acuminate leaflets, longer style, ovary with 2 to 4 
locules, and much more strongly recurved spines, 
sometimes making a complete circle or even 
more! 

It also differs from the species which occur 
from 800 to 1,600 km to the southwest, in Borneo; 
(1) from L. borneensis, in having 3- or 4-merous 
flowers, with smaller calyx, longer petioles, and 
larger leaflets; (2) from L. motleyi, in having 
shorter petioles, smaller leaflets, and smaller flow- 
ers with glabrous filaments; and (3) from L. cras- 
sifolia, in rahe inconspicous, irregular lateral 
veins, smaller flowers, glabrous filaments, and 
leaflets acute at the base. 


10. Luvunga papuana Lauterb. Bot. Jahrb. 
55:260. 1918. Illus. Lauterbach, loc. cit. 55:261, 
fig. 7, A, K; Engler, Die Nat. Pflanzenfam. 19a: 
324. 1931. 


Ok (cetieh tate ts New Guinea, Mai River, 
Sepik (Ledermann, No. 7392). Cotype: Pfingstberg, Sepik 
(Ledermann, No. 7505). 

Distribution.—New Guinea. 


(After Lauterbach’s descriptions and figures]: 
Branches terete, with axillary, very strongly reflexed, slen- 
der, sharp spines coiled in a spiral manner (sometimes 
more than one turn!); leaves 3-foliolate or rarely 1- folio- 
late; petioles short (about 10 mm on 1-foliolate leaves; 8- 
17 cm on 3-foliolate leaves); leaflets 10-18 x 69 cm, 
broadly lanceolate, obtusely-acuminate at the tip, acute 
and decurrent at the base, subcoriaceous, shiny above, 
dull below, margins entire, revolute, with about 9 pairs 
of inconspicuous lateral nerves; inflorescences fascicled, 
many-flowered, axillary cymes, 2-4 cm diam.; pedicels 5 
mm long, calyx (in the flower bud) 1.3 mm diam.; petals 
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3-4, 6 x 3 mm; stamens 8, 5 mm long, with glabrous 
filaments 1-1.5 mm long in the flower bud; ovaries ovoid, 
lageniform, glandular, 2-locular, with 8-10 vertical fur- 
rows (probably between rows of oil glands); style thick, 
4 mm long, merging gradually into the ovary; stigma 
somewhat capitate; fruits globose, about 12 mm diam., 
rind thick, granular, white; seeds 1, 8 mm long, with a 
membranous testa. 

This species, which is the southeastern- 
most species of the genus and the only one found 
so far in New Guinea, is strikingly different from 
the others in having slender, seal very strongly 
recurved spines (shown by Lauterbach as arching 
downward to touch the stems below). The ovary 
is shown as having glands ag arin arranged 
in eight or ten vertical lines marked by slight 
ridges on the ovary. The fruits are the smallest 
known in the genus, being only about 12 mm in 
diameter. Both the description and the illustra- 
tion show that some of the leaves are unifoliolate 
and very short-petioled (as short as 1 cm). This 
species seems clearly distinct from all others 
known in the genus. 

A plant apparently belonging to this spe- 
cies was collected for the 1936 Richard Archbold 
Expedition to New Guinea by L. J. Brass (No. 
7425, August, 1936) at Oroville camp, Fly River, 
in Papua, southeastern New Guinea. A specimen 
in the herbarium of the Arnold Arboretum has 
Brass’s notes on the label which read: “fruits 
white, obovate, about 3-5 cm more or less long 
and 3 cm diam.” The strongly recurved spines 
and coriaceous leaves, shiny-green above, make 
it very probable that this plant is L. a aap 
in spite of its large fruits, and make it likely also 
that the small fruits mentioned by Lauterbach in 
the original description were immature. 


IMPERFECTLY KNOWN SPECIES 


1]. Luvunga calophylla Kurz, Jour. Asiat. 
Soc. Bengal 39(2):69. 1870. 

Type.—Bangka Island (near Sumatra) at Jébus 
(Teijsmann, No. 3223). Herb. Hort. Bot., Buitenzorg, Java 
(now Kebun Raya, Bogor, Java). 

Distribution. Known only from the type locality. 

(After Kurz]: Leaves 3-foliolate; petioles 20-23 
cm long; leaflets 25-30 x 4 cm, obovate-lanceolate, shiny 
on both surfaces, lateral nerves conspicuous; flowers in 
short, glabrous cymes; calyx large, 5-lobed, truncate, gla- 
brous; petals, styles, etc., lacking; fruits (immature) ob- 
long or ovate-oblong, showing the base of the style, 
“vesiculose-papillose.’ Kurz said of it: “A ye 
species with leaves much resembling those of Zanthoxy- 
lum euneurum Mig. [= Evodia euneura Miq.).” 


The absence of flowers has prevented the 
accurate placing of this species. Kurz knew Lu- 
vunga well and his opinion is of value. L. calo- 
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phylla is carried in the Index Kewensis (Hooker 
and Jackson, 1895-1938) as a valid species. 

12. Luvunga tavoyana Lindi. ex Oliv. Jour. 
Linn. Soc. Bot. 5(2):44. 1861. 
Type.—Southern Burma, Tenasserim, Tavoy (“W. 
G{riffith],” Wall. Cat., p. 217, No. 6383). 

Distribution —Known only from the original col- 
lection. 

[After Oliver, 1861, p. 44]: Leaves with petioles 
7.5-15 cm long; leaflets 10-20 cm long, oblong-elliptical; 
flowers in short fascicles, or panicles, 1.2-5 cm long; 
stamens free or slightly united at the base; ovary with 3 
or 2 locules. “It occurs both unarmed and with strong 


recurved axillary spines.” 
Oliver did not consider this to be a good 


species but rather a connecting link between 
L. scandens and L. eleutherandra that might war- 
rant their union under one species. Such a union 
seems very improbable in the light of our pres- 
ent sea 6 of Luvunga. L. tavoyana should 
be compared critically with L. calophylla and 
L. nitida. It cannot be placed with any certainty 
at present. 


X11. F ramignya Wight 


XIII. Paramignya Wight, Ill. Ind. Bot. 1: 
108, 110, pl. 42. 1840. Atalantia Guill. (pro parte, 
non Corréa), in Lecomte, Not. Syst. 1:176. 1910. 

Type species—Paramignya monophylla Wt.; na- 
tive to British India, Ceylon, and southern Burma. 

Distribution.—India; Ceylon; Burma; southem 
China: Hainan Island; Laos; Cambodia; North Vietnam; 
South Vietnam; Thailand; Malay Peninsula; Sumatra; 
Sumbawa; Borneo; Philippines; northeastern Australia. 

Common name.—Unifoliate liana-limes (or para- 
mignya). 

Woody vines clambering up trees and shrubs by 
means of recurved spines; leaves 1-foliolate; Se usu- 
ally showing a pulvinoid, more or less swollen segment 
articulated with the leaf blade above, and the rigid por- 
tion of the petiole is also articulated with the twig below; 
flowers white, fragrant, often large, 4-5-merous; stamens 
twice as many as the petals, usually with elongate-linear 
anthers; disk an elongated columnar ophore; ovary 
with 3-5 locules, 1 or 2 ovules in each locule; fruits glo- 
bose or obovoid, often being narrowed toward the base, 
with a thick peel, seeds rather flat. 

As here used, Paramignya is a genus con- 
taining about twelve very closely related species, 
often difficult to distinguish from a study of 
herbarium material. Two species native to Thai- 
land, P. surasiana and P. rectispinosa, and one 
native to the island of Hainan in extreme south- 
eastern China, P. confertifolia, have very small 
ovaries, much shorter than the styles, but other- 
wise they are very similar to the typical species 
of the genus. 

Besides the twelve typical species of Para- 
mignya there are three aberrant species that may 
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possibly prove upon study of good material not 
to belong to the genus Paramignya. One of these 
species, P. lobata, a native of the Malay Penin- 
sula, has prominently 2- to 5-lobed fruits, usually 
broader long and bright red in color when 
ripe. This species has very short retrorsely curved 
spines and is evidently a woody climber. P. cuspi- 

ta, also native to the Malay Peninsula, similarly 
has very short spines but apparently they are not 
retrorse; it is not a high-climbing vine but rather 
a spiny eee ee that probably clambers 
over low trees, shrubs, and other vegetation. It 
sometimes has recurved spiny lateral twigs on 
the branches that might aid in clambering over 
other plants. The third aberrant species is P. tri- 
mera, which has a wide range from northeastern 
Australia and Timor Island to the islands of the 
southern Philippines and Indonesia. 

The fruits of the typical species of Para- 
mignya have small or medium-sized (0.1 to 0.6 
mm) oil glands in the peel, and larger, sometimes 
much larger, ones (0.8 to 2 mm) below the peel 
in the mesocarp or even sometimes in the endo- 

, not far from the locule cavity. In P. longi- 
pedunculata there are very commonly two layers 
of oil glands, one composed of very small (0.1 to 
0.5 mm) glands in the peel and another (some- 
times two layers deep) composed oi uch larger 
(0.5 to 1.5 or 2 mm) globular or ellipsoid glands 
in the mesocarp with the longer diameter tangen- 
tial. In this species, the two kinds of oil glands 
(the larger ones perhaps mucilage glands) are 
separated by a layer containing numerous small 
vascular bundles. 

The typical species of Paramignya are un- 
doubtedly closely related to Luvunga. Both of 
these genera include woody vines clambering 
high into trees and holding fast by means of 
recurved spines, and both genera have fruits with 
dimorphic oil glands. Luvunga has trifoliolate 
leaves with very long petioles, whereas Para- 
mignya has unifoliolate short-petioled leaves. 
There are other minor differences such as the 
straight twigs (with few internodes) of Luvunga 
and the more or less zigzag pe of Paramignya; 
also the presence of a well-defined pulvinus, at 
the base of the leaf in Paramignya, which twists 
so as to place the leaf in the proper position to 
catch incident light. 

Sometimes Luvunga produces unifoliolate 
leaves and then the petioles are very much 
shorter, not very different in length from those 
of some of the larger-leaved species of Para- 
mignya, for example, P. andamanica. Probably 
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KEY TO THE SPECIES OF PARAMIGNYA NATIVE TO INDIA AND CEYLON 
(ExcLUDING BurMa East oF Lat. 94° E.) 


A Flowers large (about 22-25 mm diara. when open); calyx cupulate, lobes obtuse.................--:.c:eseecesecesteteneeeeeneenes B 

B Style pubescent at the base; leaves medium-sized (6-12.5 x 2-4 cm); pedicels 6-10 mm long. (India and ey 
lon; "eo Burma and North Vietnam.)........................0:0-2-2-:eeeeecoeeeeeecceeeceeeeeseseeceeecesessaueueceessegeeeesesees 1) P. monophy 

BB Style: lea br tus csc. sates tases 6 nsw ecstacis sncwshdes coeetg devas eas sas Sane hous dans oeentucsda eae beacanyeengson Gov ete pede weauaa neabaduazseates edetabdeveatbye C 

C Leaves nearly glabrous, very large (10-15 x 3.5-4 cm); filaments very pubescent, somewhat longer than 

the anthers. (India: southern peninsula.).................-....:.cc:cescseeceeeeceeeeccteeeseeseateseneaaneeseaetseeeaeseneees 4) P. beddomei 


CC Leaves pubescent, medium-sized (7-10 x 2-3.5 cm); filaments often glabrous, much longer than the an- 
thers; flowers of medium length (11-13 mm). (Northeastern India, fide Tanaka; type locality in northwest- 
2) P. 


UA, AAEM) 25 2 secs a tenes cated SoS eased esate ese deca cna aca snare ics ae a P. scandens 

AA Flowers small (10-20 mm diam. when open); calyx small, lobes acute. ...................:ccscccecscessseseeesseeceeeeceeseeeenseseenensnens D 
D Pedicels longer than the unexpanded flowers, very slender (about 0.5 mm diam.); leaves very small (5-8 x 2- 

3.5 cm); flowers very small (6 mm long); calyx minute. (Ceylon.) ...............ccceccsseceseeceeeeeeneceeeeecsenesenes 3) P. armata 

DD Pedicels shorter than the unexpanded flowers; leaves glabrous, ae (8-12 x 3.5-7 cm); filaments much 
shorter than the linear-elongate anthers. (Northeastern India; also northwestern Burma.) .............. 5) P. citrifolia 


KEY TO THE SPECIES OF PARAMIGNYA NATIVE TO NORTHERN BURMA, NORTHERN THAILAND, 
NORTHERN INDO-CHINA, SOUTHEASTERN CHINA (EXCLUDING SOUTHERN BURMA 
[TENASSERIM], SOUTHERN THAILAND, SOUTHERN INDO-CHINA) 


A Ovaries large (14-4 the length of the: style) si.3:cs.c) s.ccs cosh sachsc ete Reatasca le Senaeis as inw ins ioscan cnsn ea ctoaced ncaa anleeus sStasstes toes B 
B Flowers large (22-25 mm diam. when expanded)............-......::cc:cecceescecseeseeteneteeeeceeteesecasesensesesecaeeesenseseecesaeeseeaanes C 
C Style hairy at base; calyx lobes broad, obtuse; leaves medium-sized (6-12.5 x 2-4 cm); pedicels 6-10 mm 
long. (Northern Burma, northem Thailand, northern Indo-China.).............0..........cccecessseees 1) P. monophylla 
CC Style usually glabrous; calyx lobes acute. ..::sc.cac...:ccsscssencenccevsaesscencunsncnsaissaetunsbonoeadtsnseastenaashtaceanseideesicsseesosees D 
D Petioles of medium length (14-16 mm); petals about same length, linear. (Northern Burma, northern 
Thailand, northern Indo-China.) ...............c:ccce-scceccesceseeeeseeceessecceecetsesssesnceeceseesseesccenecsecesseees 2) P. scandens 
DD Petioles long (up to 20 mm); petals elliptical, about half as long as the petioles. (Indo-China.) 
2b) P. scandens subsp. hispida 
BB Flowers small (16-20 mm diam. when expanded); calyx small, lobes acute; leaves glabrous, large (8-12 x 3.5- 
7 cm); pedicels very short; filaments much shorter than the anthers. (Northwestern Burma.).......... 5) P. citrifolia 
AA Ovaries small (14-4 the length of the style).....:.0.2....c.ccc.-c.c0s-stcstescactseeessennenndensssenceeendecesatnateasactecebesisesenssatvencesessoesseeorsle E 
E Ovaries very small (44-4 the length of the style) leaves long (10-14 cm). ................csssssssesscestesceseeseceeneneceeeceneeees F 
F Spines straight, long (up to 20 mm); leaves of medium width (10.5-14 x 2.8-4.7 cm); petioles 10-11 mm 
Norges ( Northern Tesla) 3s catia ct Foca sate acitosdaetasavisentesteaheiesesd ote ected eectetesee. 12) P. rectispinosa 
FF Spines recurved, 7-9 mm long; leaves very broad (10-14 x 5.2-7.5 cm); petioles very long (15-17 mm). 
CNortherit. Tha tari.) 25. css cscentottestectuatactasaccente teh ies ols aiten sac sexsssieetaicauaeacaaesecvecyuiausacciasedeaanaseaseds 10) P. surasiana 


EE Ovaries small (4-% the length of the style); spines recurved, short (3-10 mm); leaves oval or long-elliptical, 
variable in size, often small (3-11 x 1.54 cm); fruits subglobose, often very rough and bumpy when ripe. 
(Southeastern China: Kwangtung Province, Hainan Island.) ..................:sssscsesssssessseeseseseeeseeeeees 11) P. confertifolia 


KEY TO THE SPECIES OF PARAMIGNYA NATIVE TO SOUTHERN THAILAND, TENASSERIM, 
ANDAMAN ISLANDS, SUMATRA, MALAY PENINSULA (EXCLUDING NORTHERN 
BurMA, NORTHERN THAILAND, NORTHERN INDO-CHINA) 


A Fruits deeply 2-5-lobed, usually broader than long, red; spines short (5-8 mm); leaves narrowed into a rather slen- 


Fa (ch RE: Voy 111 9 RN ER Ra OER i MW NP RED ne ARE ABC OAS OCD MOEN PURI SO RED RT cee SS RI d oT ny ee ee Rn Pentre 14) P. lobata 
AA Fruits globose-ovoid, never deeply lobed, longer than broad. ..............2...se:cccssssesesesssesssseseeesesesenecscesseecaeensseseneeeneeseneneas B 
B Shrubs with short spines (less than 1 cm); lateral branches sometimes retrorse, arising nearly at right angles to 

te PALE CWiGS ssc. osss alesse ates pases suet esesice tes eS caas toes ae aa aceasta tole ae reeates sees nce ea eevedewe 13) P. cuspidata 

BB Woody climbers with long spines (1-3 cm); lateral branches not retrorse. ................:.::sccsssceeseceecesesseseseeceseseeenesaes C 


C Flowers large (about 20-25 mm long, 25 mm diam., when expanded). 

D Leaves small (6.5-7.5 cm long), ovate-oblong to elliptic-oblong; petiole 7-17 mm long, articulated with 

the pulvinus; flowers large; staminal filaments pubescent. (Southern Burma: Tenasserim.) 
6) P. grandiflora 
DD Leaves large (10-23 x 3.5-9 cm); petiole 12-25 mm, not distinctly articulated with the pulvinus; 
staminal filaments pubescent below, glabrous above. (Andaman Islands, Sumatra, Sumbawa, North 
BRORT@G 3) oo esclcnsce seers ct seas cet rantsS cope ah scutes oss tS sees tou stars recent ins cass use gas seceeeee eee Dane 7) P. andamanica 

CC Flower buds small (8-10 mm long); flower about 20 mm diam. when expanded. 

E Ovaries large (14-4 the length of the style) 0.2.2... cceeeeceeeceeeescesceeeececeesceacecesseeseeaneesssescesseaees F 
F Pedicels as long as the petals or longer; leaves large (7.5-13 x 3.7-6 cm); petals oblong, 7.5 
mm long. (Malay Peninsula.) ............-..:.:ccetececeeesses ee eseeeeneeneees 2a) P. scandens subsp. ridleyi 
FF Pedicels only about half the length of the petals; leaves small (6-10 x 2-4 cm); petals ellip- 
tical, 10 mm long. (Southern Indo-China.) ...............: ee 2b) P. scandens subsp. hispida 
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KEY TO THE SPECIES OF PARAMIGNYA NATIVE TO THE PHILIPPINE ISLANDS AND TO THE East 
INDIAN ARCHIPELAGO AND NORTHEASTERN AUSTRALIA 


A Sepals and petals 3; ovary with 2 or 3 locules; spines short (5-7 mm). (Southern Philippines, Java, Timor Island, 


HOTtHEH NT AUST PAA.) eck ooccieheal a ahosdeatessdentad Seccieais ees 


Ee ee ee ane ant Ser Ty ee OnNE ETT peer nr eer Pe 15) P. trimera 


AA Sepals and petals 5; ovary with 5 locules; spines long OSES TID) sca asta age eee ee he carats deviate tive ruhaeeeans B 
B Pedicels very long (2.5-3 cm); leaves, petioles, and flower parts densely pubescent; petals linear-oblong, 20 x 
5 mm, densely hairy on outside. (Philippines: Luzon DSTA ci oes acttvares tate nese test sayase 8) P. longipedunculata 


BB Pedicels short (about 1 cm); leaves, petioles, and flower parts sparingly pubescent or glabrous; petals oblong, 
12 x 5mm, glabrous. (Philippines: Mindanao Island; also Tavoy and Luzon Island, fide Tanaka.) 


these two genera were derived from some com- 
mon ancestor. The aberrant species P. lobata and 
P. cuspidata may, however, be related to Pam- 
burus. 

. The species of Paramignya are difficult to 
distinguish unless cognizance is taken of all 
available characters. Unfortunately, many of the 
published descriptions merely distinguish be- 
tween the few species growing in a single region; 
this does not permit accurate comparison of spe- 
cies growing in distant regions. For the present 
it is easiest to key out separately the species of 
the four principal regions where this genus is 
native (see pp. 271-72). 

1. Paramignya monophylla Wight, Ill. Ind. 
Bot. 1:108, pl. 42. 1840. Atalantia correae Guill. 
1910. Illus. Wight, loc. cit. pl. 42; Engler, Die 
Nat. Pflanzenfam. 3(4):191, fig. 111, A-B. 1896; 
ibid. 19a:327, fig. 150, A~B. 1931; Talbot, Forest 
Fl. Bomb. Presid. 1:200, fig. 122. 1909; Guillau- 
min, in Lecomte, Not. Syst. 1:176, fig. 8(1). 1910; 
Swingle, in Bailey, Stand. Cycl. Hort. 5:2473, fig. 
2763. 1916. 

Type.—British India, Courtallum (Wight, No. 
115). Herb. Univ. Glasgow (fide Tanaka, 1930b, p. 235). 


Distribution —India: western peninsula from 
Konkan northeast to Sikkim, Bhutan, Khasiak; Burma: 
Tenasserim; Ceylon. 


Common name.—Indian paramignya. 


Leaves oblong or elliptic, rarely obovate, 6-12.5 x 
2-4 cm, apices abruptly acute, sometimes acuminate, base 
rounded; petioles 12-20 mm long; flowers solitary or in 
few-flowered axillary clusters, large (25 mm diam.), 5- 
merous, fragrant; calyx cupular, with 4-5 broad, obtuse 
lobes; petals 4-5, lanceolate-oblong; stamens 8 or 10, free, 
filaments slender, compressed below, subulate above, gla- 
brous or pubescent; pedicels slender, 6-10 mm long; ovary 
slightly furrowed, pubescent or glabrous, with 3-5 locules, 
usually with 2 ovules (sometimes 1) in each locule; style 
pubescent below, glabrous above; fruit ovoid or obovoid, 
pubescent or almost glabrous, slightly angled and some- 
times compressed, 2.5-3.5 x 2.5-3.3 cm, yellow, odorous, 
sometimes only 1-seeded; seeds compressed. 

This species, the type of the genus, has 
never been adequately studied or illustrated. 
The petioles are not clearly articulated between 
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9) P. mindanaensis 


the leaf blade and the twig, but the upper por- 
tion is pulvinoid. The fruit was said by Wight 
in the original description to be “pomaceous! en- 
docarp 5-angled, between coriaceous and fleshy, 
surrounded by cellular pulp and rind, one- (al- 
ways?) celled by the rupture and absorption of 
the partitions.” He also stated that the fruit is “ob- 
tusely 5-angled and furrowed between, clothed 
with short matted pubescence.” Oliver (1861, p. 
42) described the ovary as “often slightly fur- 


rowed.” 


2. Paramignya scandens (Griff.) Craib, FI. 
Siam. Enum. 1:235. 1926. Citrus scandens Griff. 
Not. Ad. Pl. As. 4:495. 1854; Paramignya citrifolia 
Oliv. Jour. Linn. Soc. Bot. 5(2):42 (excl. synony- 
my! [non Limonia citrifolia Roxb.]). 1861; P. grif- 
fithii Hook. f. Fl. Brit. Ind. 1:510. 1875; Atalantia 
griffithii Guill. in Lecomte, Not. Syst. 1:183. 1910. 
Illus. Griffith, loc. cit. pl. 587, fig. 1. 


Type.—Northern Burma, “Serpentine Mines,” 
Mogung (?) Valley (Griffith, No. 519). 

Distribution ——Northeastem India: Assam State; 
northern Burma; Thailand. 


The original description by Griffith reads, trans- 
lated, about as follows: “A spiny climbing shrub; spines 
smaller on twiglets or on inflate dectibes twigs, petioles, 
and leaves pubescent; flowers white like the stamens, frag- 
rant (with a suave odor), petals tinted green outside above 
the middle. Habitat: In wooded hills near the Serpentine 
Mines, toward Burma. 

“A very distinct species, rare in upper Assam; 
common in the valley of the Mogoung, especially four 
leagues toward Serpentine Mines.” 

Griffith (Lc., vol. 4, pl. 587) shows a flowering 
twig, 24 cm long and 4.5-5 mm diam., with 10 leaves, 
and a portion of a large twig, 10-11 mm diam., with a 
single leaf and a flower borne on a lateral twig, 4-5 mm 
diam.; also a single fruit. No spines are shown on either 
twig. 

The plate shows the following characters: Leaves 
lanceolate, with acute or slightly acuminate (one leaf is 
obtuse) apices, gradually narrowed, then abruptly rounded 
at the base; leat blades 9-13 x 3.5-5.5 cm, glabrous 
above (?) but with scattered hairs below, veins 6-7 pairs, 
visible on both surfaces; petioles 9-15 mm long, 2.2-3 
mm diam., pubescent; flowers arising singly or 2 (or 3?) 
in the axils of the leaves, 18-23 mm long, pedicels 6-8 
mm long, 2 mm wide, with small bractlets near the base, 
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pubescent like the petioles; calyx 4.5-6 mm wide, 4-4.5 
mm long, with acute lobes 1.5-2.5 mm long; petals strap- 
shaped, narrowed toward the rounded tips, 18-20 x 34 
mm, glabrous; staminal filaments 13-15 mm long, slender, 
glabrous, anthers short, 3 x 1.5 mm (less than % the 
length of the filaments), long oval; pistil 18-21 mm long; 
ovary subglobose, 4.5 mm diam., glabrous; style glabrous, 
14-17 x 1-1.1 mm, stigma capitate, 3-3.8 mm diam.,; 
fruits ovoid, 25-30 mm, bluntly pointed at apex, rounded 
at base, finely pubescent (?), borne on a subglobose (?) 
gynophore (4.5 mm diam. below) which remains attached 
to the apparently glabrous persistent calyx, no larger than 
when the flower opened. The plate gives every evidence 
of having been made carefully and accurately from a 
good flowering specimen. . 

Hooker (1875, vol. 1, p. 510) described 
P. griffithii (evidently named in honor of Griffith) 
and included Griffith’s Citrus scandens, which 
he stated has very small flowers (only 6 to 8 
mm long); yet Griffith’s plate shows flowers 15 to 
18 mm long. Hooker stated: “Griffith’s figure is 
a great exaggeration, as his specimens show,” 
but so great an exaggeration as this seems im- 
probable, especially since the plate looks like a 
good cut made from the living plant. Possibly the 
best material was used to make the plate and 
the dried specimens that were put in the her- 
barium do not show the flowers properly and 
may even belong to another species. 


Griffith described his plant as a species 
of Citrus, and because it was so utterly different 
from any known Citrus a detailed description 
probably seemed unnecessary. It would not be 
surprising if Griffith mixed up two species of 
Paramignya in his material of Citrus scandens. 


It seems best for the present to let P. 
scandens stand as described and figured by Grif- 
fith and avoid attempting to include in it the 
widely different forms that have since been 
assigned to it. New material from the type 
locality, Mogoung Valley (?) in northern Burma, 
is needed to settle the status of this species. 


2a. Paramignya scandens subsp. ridleyi 
(Burkill) Swing. Jour. Wash. Acad. Sci. 28:533. 
1938. Paramignya ridleyi Burkill, Gard. Bul. 
Straits Settl. 5:214. 1931; P. citrifolia var. B 
(pubescens) Oliv. Jour. Linn. Soc. 5 (Suppl. 2): 
42. 1861; P. griffithii Hook. f. 1875, in part (only 
as regards the Malacca specimen, fide Ridley); 
P. griffithii Ridley (non Hook. f.), Fl. Malay 
Penin. 1:356. 1922. 

Type.—Singapore (Hullett). 

Distribution.—Malay Peninsula: 
Singapore. 

Ridley described the Malay Peninsula plant un- 
der the name P. griffithii, as follows: “Shrubs shortly 
spiny, glabrous or pubescent. Leaves coriaceous, elliptic 


Malacca and 
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or oblong, short, blunt-acuminate, 3 to 5 in. [7.5-12.5 
cm] long, 1.5 to 2.3 in. [3.8-5.8 cm] wide, base rounded. 
Flowers solitary or fascicled, axillary, slender, 0.3 in. [6 
mm) long, white, fragrant. Calyx acutely 5-lobed. Petals 
oblong, 0.3 in. [7.5 mm] long, blunt. Stamens 10, fila- 
ments hairy, longer than the linear-oblong anthers. Ovary 
5-celled; ovules 2 in each cell.” 


Burkill (1931, p. 214), in making a new species 
for this plant, wrote: “P. Griffithit Hook. fil in loc. cit., 
[Hooker f., 1875, vol. 1, p. 510] only as regards the 
Malacca specimen: Ridley, Fl. Mal. Penin., 1, 1922, p. 
356. This species has much longer pedicels than P. scan- 
dens and is abundantly distinct. It was collected in 
Malacca by Griffith, and by Hullett in Singapore. The 
backs of the leaves are less hairy than those of P. scan- 
dens.” 


Unfortunately, in the absence of type 
material, no additional details can be given for 
this subspecies. It must therefore, for the present 
at least, be kept distinct not only from P. scan- 
dens, but from P. monophylla (= Atalantia cor- 
reae Guill.), all of which were considered by 
Tanaka (1930a, p. 162) to be P. scandens. 


Even as matters stand, the subspecies is 
fairly well delimited by its broad elliptic-oblong 
leaves (7.5 to 13 by 3.8 to 6 cm) and its very 
small flowers borne singly or in few-flowered 
axillary fascicles, with acute calyx lobes and 
blunt-oblong petals 6 to 7.5 mm long, and hairy 
filaments longer than the anthers. 


It differs from P. scandens subsp. hispida 
in being glabrous or less pubescent with respect 
to leaves, calyx, and gynophore; from P. anda- 
manica in having much smaller leaves, smaller 
flowers with larger calyx (?) and shorter pedi- 
cels; from the little-known P. citrifolia in having 
longer pedicels and filaments longer than the 
anthers; from P. armata in having much larger 
leaves, with longer petioles and stouter pedicels. 
It differs from P. surasiana and P. rectispinosa by 
having styles only three times as long as the 
ovary. 

2b. Paramignya scandens subsp. hispida 
(Pierre) Swing. Jour. Wash. Acad. Sci. 28:533. 
1938. Atalantia hispida Pierre ex Guill. in Le- 
comte, Not Syst. 1:182. 1910. 

Type.—French Indo-China, Cambodia, Bienhoa 


Province. 

Distribution—Known only from the type locality. 

Differs from the species in having longer petioles 
and smaller flowers with shorter, broader petals. It re- 
sembles more closely the subspecies ridleyi but has some- 
what smaller leaves and anthers apparently shorter in 
proportion to the length of the filaments, and possibly 
longer recurved spines. 

Guillaumin (1911, p. 674) described Atalantia 
hispida Pierre about as follows: Branches slender, at first 
very pubescent, later on becoming glabrous, with spines 
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about 10 mm long; leaves oval or oval-oblong, 6-10 x 2- 
4 cm, with a short acuminate tip, rounded or subcordate 
at the base, velvety-pubescent below, veins invisible on 
upper surface, parallel and close together below; petiole 
velvety-pubescent, up to more than 2 cm in length; inflor- 
escences solitary, callie: flowers 10 mm long, on velvety 

ubescent pedicels 5 mm long, with small bracts at the 
bags calyx cup-shaped, 2-3 mm long, sepals 5, oblong, 
acute ivalwate in flower bud), pubescent without, glabrous 
within; petals 5, elliptical, 1 cm long, glandular, slightly 
pubescent without; stamens 10, % length of petals, fila- 
ments dilated, pubescent, usually free (often 2 or 3 con- 
nate), anthers elliptical, half as long as the filaments, not 
apiculate; gynophore cylindric, pubescent, glandular, cren- 
ulate above; ovary ovoid-globular, shed. ape glabrous, 
shorter than the style, with 5 locules, each containing 2 
ovules, style cylindrical, glabrous, stigma capitate, slightly 
5-lobed; fruits small (according to Pierre). 

Tanaka (1928b, p. 712) considered this 
subspecies to be a synonym of P. scandens (Griff.) 
Craib, but it appears to have smaller flowers with 
decidedly shorter and broader petals. It will not 
be possible to understand clearly these three 
forms here referred to P. scandens until studies 
can be made on collections of all three in com- 
parable states. 


3. Paramignya armata (Thwaites) Oliv. 
Jour. Linn. Soc. Bot. 5(2):43. 1861. Arthromischus 
armatus Thwaites, Enum. Pl. Zeyl. 47. 1858. 

Type.—Ceylon (Thwaites, No. 1187). Herb. Kew. 

Distribution.—Ceylon (hotter parts of the island). 

Leaves oval, elliptic or elliptic-lanceolate, ob- 
tusely caudate-acuminate, rounded at the base, 5-8 x 2- 
3.5 cm; petioles short (8-11 mm); pulvinus 3 mm long, 
articulated with the petiole and with the leaf blade; 
flowers small (6 mm long), solitary or in few-flowered axil- 
lary clusters, 4-5-merous; pedicels very slender (0.4-0.5 
mm diam.), 6-8 mm long; calyx minute, obtusely 4-5- 
lobed, lobes acute; petals oblong, very much imbricated; 
filaments linear-subulate, pubescent, slightly dilated in 
the middle; ovary pubescent, borne on a eynop ae equal- 
ing it in height, with 3-4 locules, ovules usually 1 in each 
locule; style long, glabrous, cylindric, stigma globose; fruit 
subglobose, apiculate, 10-20 mm diam., yellow, 1-4 
seeded. 

This species is said to have pulpy fruits 
but nothing is known about the nature of this 
pulp. 

Thwaites directed attention to its “jointed 
leaf stalk,” a very striking character often over- 
looked by subsequent authors. The petiole shows 
a stiff straight petiole proper, at the tip of which 
is articulated a short fleshy pulvinus. 

4. Paramignya beddomei Tan. Jour. Bot. 
Brit. & For. 68:230. 1930. Paramignya armata 
Beddome (non Oliver), Icon. Pl. Ind. Or. 65, pl. 
275 (excl. descript.). 1874. Illus. Beddome, loc. 
cit. pl. 275 (as P. armata). 

Type.—British India, Madras, Anamaly (Anaima- 
lai Hills) (Beddome, No. 1052). Herb. Brit. Mus., London. 
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Distribution.—South peninsular India and Cey- 
lon (fide Tanaka). 

Twigs very slender, conspicuously zigzag, pubes- 
cent with fine appressed hairs; leaves medium-sized, 
blade 70-75 x 3540 mm, ovate, caudate, broadly 
rounded at base, pubescent on the midrib, especially be- 
low, petiole long (10-15 mm), sigmoid with an articulated 
able occupying the upper third, pubescent; flower 

uds large (10-12 x 3-4 mm), cylindric; flowers solitary, 
axillary, large (25-30 mm diam. when open) pedicels 8- 
12 mm long; calyx cupulate, lobes short, obtuse, auricu- 
late; petals linear, bluntly rounded, 15 x 4-5 mm; fila- 
ments apiculate, very pubescent for their whole length, 
anthers linear. but contorted at maturity; ovary 4-5-lobed, 
cylindric, almost glabrous, but sparingly pubescent in 
upper portion, about as long as the disk, aes 1 in each 
locule; style linear, very glandular, stigma depressed-glo- 
bose, 5-lobed; fruit globose, not apiculate. 

Beddome's figure (l.c., pl. 275) shows 
short recurved single spines, 6 to 12 mm long, 
tapering to a fine point. This species has been 
confused by previous students of Paramignya 
with P. armata, from which Tanaka separates it 
by many characters. 


5. Paramignya citrifolia (Roxb.) Oliv. Jour. 
Linn. Soc. Bot. 5(2):42 (excl. descript.; valid for 
name only). 1861. Limonia citrifolia Roxb. F1. 
Ind. 2:379. 1832; Paramignya citrifolia Hook. f. 
Fl. Brit. Ind. 1:510 (excl. synon.; valid for de- 
script. only). 1875; Atalantia citrifolia (Roxb.) 
Kurz, Jour. Asiat. Soc. Bengal 39(2):69. 1870. 


Type.—Northeastern British India near Burmese 
boundary, Chittagong (Roxburgh, No. 340). Herb. Brit. 
Mus., London. 

Distribution Reported from Bengal and north- 
eastern India (now partly East Pakistan) by Tanaka 
(1930), p. 61). 

Roxburgh’s original description (under the genus 
Limonia) reads: “Shrubby; armed with recurved spines. 
Leaves simple, elliptically oval, entire, obtusely acuminate. 
Flowers isin Berries ovate, few-seeded. 

“A very ramous, rigid, well-armed shrub, of five 
or six feet in height, a native of the forests of Chittagong, 
and with the other armed species, well adapted for fences. 
Flowering time the hot season. 

“Young shoots polished. Thorns axillary, solitary, 
short, somewhat recurved. Leaves alternate, round-peti- 
oled, elliptic, with an obtuse, somewhat lengthened point, 
entire, smooth, but marked with numerous pellucid points, 
as in many Aurantiae; from four to five inches long, and 
from two to three broad. Stipules none. Flowers small, 
white, short-peduncled, axillary. Bracts minute, about 
the insertion of the peduncles, and on them. Calyx five- 
toothed, having its substance marked with pellucid points. 
Pctals five, oblong, smooth. Filaments ten, distinct, short, 
inserted round the base of the germ. Anthers linear, erect. 
Germ [ovary] ovate-oblong, five-grooved, on the outside 
five-celled, each cell containing two ovula attached to the 
axis. Style thick and short. Stigma sub-peltate. Berry 
ovate, of the colour and appearance of a lime, even to the 
little green cells in the cortex. Seeds from one to four, 
separated by some few small fibers only, which are 
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scarcely to be traced when dry, oblong, having the sides 
agreeing in shape with the number in the berry. Integu- 
ment single, membranaceous. Perisperm none. Embryo 
inverse. Cotyledons conform to the seed. Radicle su- 
perior.” 

The type specimen in the British Museum (Rox- 
burgh, No. 340; see Tanaka, 1930b) of two fruiting twigs 
from Korelea Hill, collected in 1811 (?), shows twigs, 
slender ultimate growth, 2-3 mm diam.; leaves 6-12 x 3- 
6 cm, elliptical, abruptly acuminate but blunt at tip, base 
gradually rounded, seldom very broadly cuneate, 12-14 
pairs of lateral veins, oan faa above but visible on 
under side, arising at a wide angle (65°-70°) with the 
midrib; petioles 8-10 mm long, not clearly jointed to the 
pulvinus; fruit subglobose, 12 x 14 mm, pedicel 6-8 X 
1.5 mm, on which the calyx, 5 mm wide but only 2-3 mm 
long, persists. These notes are based on a photograph by 
Tanaka (No. 3789). 

Hooker, who compiled his description (without 
seeing any specimens) from Roxburgh’s description and 
figure (Mus. [E.1.C.] 2243, fide Oliver, 1861), found the 
following characters: “. .. Young shoots polished. Leaflet 
4-5 by 2-3 in., quite entire. Flowers white, about 14 in. 
diam. Petals oblong. Filaments quite free eet | ovoid- 
oblong, 5-grooved; style short, thick; stigma subpeltate. 
Berry ovoid, pointed, of the colour and appearance of a 
lime, even to the little green cells in the cortex. Seeds 1-4, 
separated by a few small dry fibers only, which are 
scarcely to be traced when dry, oblong; testa membran- 
ous.—This plant is unknown to me; the description is 
taken from Roxburgh’s Flora Indica and drawings. Prof. 
Oliver referred to it in the preceding species [P. Fit 
fithii), which differs in the form of the stamens, and (if 
Roxburgh’s figure of the ovary is correct) in wanting a 
style, but the said figures resemble what an ovary would 
be were the style fallen away. I refer it to Paramignya 
from the long anther and pointed fruit. Kurz has pointed 
out that Oliver’s P. citrifolia and Griffith's Citrus scan- 
dens cannot be the same as Roxburgh’s Limonia citri- 
folia (Jour. Asiat. Soc. Bengal, 1870, Pt. 2, 69).” 


This very imperfectly known species has 
been found with certainty only near Chittagong 
not far from the frontier between East Pakistan 
and northwestern Burma. It is placed by Hooker 
in the group of species having “flowers about 2 
inch [12-13 mm] long. Calyx small with acute 
teeth,” in which group he also places P. griffithii 
and P. armata. 

It would be very desirable to secure more 
good herbarium specimens from the type locality, 
Chittagong. Until this is done, it will be very 
difficult, if not impossible, to determine with 
any certitude the affinities of P. citrifolia. 


6. Paramignya grandiflora Oliv. Jour. Linn. 
Soc. Bot. 5(2):42. 1861. 

Type.—Southern Burma, Tenasserim (?) (Lobb, 
No. 925). Herb. Kew. 

Distribution — Southem Burma: Tenasserim; An- 
daman Islands; Malay Peninsula (?). 

Much like P. monophylla, having equally large, 
solitary flowers, 18-19 mm long, but broader leaves, 
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broadly rounded at the base, aad aa below; petiole ar- 
ticulated with the pulvinus (?); calyx cupular, lobes well 
developed, often cuneate at tips and overlapping (imbri- 
cate?) at the base, ciliate; fruits unknown. 


This species is native in southern Burma 
and the Malay Peninsula and is much like P. 
monophylla, having large flowers with five petals; 
the styles pubescent below and the stamens 
pubescent and similar in shape to those of P. 
monophylla. The type collection was credited 
to a ee by Oliver (1861, p. 42) and is so 
labeled, but, according to Ridley (1922, p. 355), 
erroneously. He suggested that it is from Tenas- 
serim and stated: “it is otherwise known only 
from Tenasserim” (where it was collected by 
Wallich, No. 6361). 


7, Paramignya andamanica (King) Tan. 
Bul. Soc. Bot. France 75:712. 1928. Paramignya 
armata var. andamanica King, Jour. Asiat. Soc. 
Bengal 62(2):223. 1894. 


Type.—Andaman Islands (King). Herb. Kew. 


Distribution Andaman Islands, North Vietnam, 
South Vietnam, Sumatra, Sumbawa, Sabah (North Bor- 
neo.) 

King’s original description and his type specimen 
in the herbarium at Kew give the following characters: 
Twigs slender, puberulous when young, soon becoming 
glabrous; spines a Ne short, curved, pubescent; leaves 
large, elliptical or elliptic-oblong, narrowed at apex into 
a blunt point, broadly rounded at base, 10-23 x 3.5-9 
cm, with 10-12 pairs of veins making an angle of 65°-75° 
with the midrib; petiole 12-25 mm, pubescent on the 
upper surface when young, not distinctly articulated with 
the pulvinus; flowers 5-merous, paired or solitary, axillary; 
flower buds slender, 14-18 mm long; pedicels long, slen- 
der (18-20 mm), arising separately; aie glabrous, short 
(3-4 mm), deeply divided into 5 broadly obtuse lobes; 
ee about 4-5 times as long as the calyx (15-16 mm), 
inear-oblong, obtuse; stamens free, almost as long as the 
petals, filaments rather thick and woolly for the lower 
three-fourths but filiform and glabrous x ora ovary gla- 
brous, ovoid, seated on a short cylindric disk not broader 
than the ovary; style elongate, slender, glabrous; fruits 
globular or turbinate, glabrous, 12-16 mm diam. 


Parkinson (1923, p. 108) reported it as “fairly fre- 
quent” in several of the Andaman Islands. His specimens 
were more vigorous than those seen by King, as he de- 
scribed it as having curved spines about 5 cm long, 
leaves 10-23 x 4-9 cm, with petioles 25 mm long (all of 
these measurements are the largest yet reported for an 
species of Paramignya); flowers small (12-13 mm tong): 
on slender pedicels 25-38 mm long; filaments pubescent; 
fruits 12-13 mm diam., globular or obscurely 2-lobed. He 
found the leaves “almost scentless when bruised.” 


Guillaumin (1911, p. 675) reported this species, 
under the name P. aramata, as occurring in Cochin China 
(South Vietnam). He described it as having curved 
spines only 6-12 mm long; leaves 7.5-12 x 3.5-4.5 cm; 
flowers on slender pedicels 30 mm long; calyx short (3 
mm), lobes 5, indistinct, rounded, ciliate; petals 3 times 
as long as the calyx; stamens almost as long as the petals, 
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dilated and pubescent at the base, slender and glabrous 
at the tips; ovary globose, glabrous, 5-sided, with a style 
3 times as long; stigma iy ae flattened above, attain- 
ing height of the stamens; fruit yellow, globose, borne on 
a pedicel 30-35 mm long, showing the remains of the 
eccentrically placed style. 


This remarkable but little-known plant 
reaches its best development in the Andaman 
Islands, although it grows also in South Vietnam, 
and, according to Tanaka (1931b, p. 10), in 
Sumatra, Borneo, and Sumbawa, which lie about 
1,000 to 3,000 kilometers to the southeast. The 
Andamans are situated about 1,300 kilometers 
nearly west from South Vietnam. 


It is curious that this species has not been 
reported from southern Burma, southern Thai- 
land, and the Malay Peninsula. Possibly some of 
the small-flowered forms of Paramignya reported 
from the Malay Peninsula belong to this species 
as varieties or subspecies rather than to P. scan- 
dens or P. citrifolia. 

This species, like Atalantia macrophylla 
(which also is native to the Andaman Islands), is 
remarkable for its extraordinary vigor, especially 
in its native habitat. 


It is the only species of Paramignya that 
Len the dimensions of some of the species 
of Luvunga (the other genus of woody vines be- 
longing to the orange subfamily) in the length of 
its leaves and spines. 


This species is related to P. armata, of 

i fey in having very similar small flowers, but 
iffers in having much larger leaves and spines, 
and, as King stated, in having fewer flowers in 


the leaf axils. 


8. Paramignya longipedunculata Merr. 
Phil. Gov. Lab. Bur. Bul. 35:24. 1905. Atalantia 
longipedunculata (Merr.) Guill. in Lecomte, Not. 
Syst. 1:221. 1910. 


Type.—Philippines, Luzon Island, Rizal Province, 
Bosoboso (Ahern’s collector). Herb. Bur. Sci., Manila. 

Distribution.—Philippines: Luzon and Mindoro 
islands. 

Common name.—Luzon paramignya. 

Branches hairy, with spines 5-15 mm long, retrorse 
and slightly curved, densely pubescent when young, 
but the brownish, hardened tips glabrescent with age; 
terminal twigs dark green when dry, densely pubescent; 
leaves oval or elliptic-ovate, 7-10 x 5-7 cm, with the 
apex abruptly acute or broadly short-acuminate, base 
rounded, pubescent on lower surface, midrib densely 
pubescent ile. petioles 8-10 mm long, densely pubes- 
cent, pulvinus not visibly articulated with the leaf blade 
or petiole; fowers solitary or in 2- or 3-flowered axillary 
clusters; pedicels densely pubescent, 1.5-3 cm long, sub- 
tended by slender pubescent bracts, 1.1-2 mm long, borne 
at the tips of short branches, 2.5-7 :nm long; calyx cup- 
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ular, densely pubescent, 7 mm diam., 5-lobed, lobes erect, 
broad, ovate, 2.5 mm long; petals 5, linear-oblong, 20 x 5 
mm, densely pubescent without: stamens 10, filaments 
pubescent, 12 mm long, anthers 5 mm long; ovary with 
5 locules; style about 15 mm long, densely pubescent; 
fruits broadly ellipsoid, bluntly pointed at apex, conoid 
at base, 2.5-3 mm x 1.5-1.8 cm, subtended by the per- 
sistent calyx. 


This is a large-flowered species like P. 
monophylla, but differs in being more or less 
densely pubescent in all parts. It also has much 


longer pedicels than that species. Merrill (1923, , 


p. 339) reported that it grows “in forested ravines 
and in secondary forests at low and medium alti- 
tudes.” 


9. Paramignya mindanaensis Merr. Phil. 
Jour. Sci. Bot. 3:140. 1908. 

Type.—Philippines, Mindanao Island, Lake La- 
nao, Camp Keithley (Mary Strong Clemens). Herb. Bur. 
Sci., Manila. 

Distribution.—Philippines: Mindanao Island; also 
Samar and Luzon islands ( Tanaka). 


Branches glabrous except the flowering twigs; 
leaves oblong-elliptical, glabrous, 9-12 x 3-6 cm, apex 
ena as ae Py calles abouivane eet ae 
ong; flowers, 1 or 2, , abou mm long; ce 
denice 10-15 mm long; calyx cupular, slightly hairy, 
about 5 mm diam., 5-lobed, the lobes 1.5 mm long, 
rounded ; petals imbricate, oo ote 12 x 5 mn, glabrous; 
stamens 10, filaments thickened, somewhat pubescent, 
about 7 mm long, anthers 4 mm long; gynophore about 
2 mm long and 2 mm diam., crenulate; pistil 10 mm long, 
somewhat pubescent; ovary 5-angled, with 5 locules; 
style stout; fruits (immature) 1.5-2 cm diam., usually 
curved, glabrous. 

This species differs from P. longipeduncu- 
lata of Luzon Island in being, on the whole, less 
poe since some parts are glabrous, and in 

aving larger leaves and smaller flowers. It has 
been referred to P. grandiflora as a synonym by 
Tanaka (1932e, p. 425), who stated that the type 
specimen of P. mindanaensis is a typical P. gran- 
diflora. However, one of Lobb’s specimens of the 
latter species from Singapore, cited by Oliver in 
the original description, shows pedicels measur- 
ing 20 to 26 mm long, instead of 10 to 15 mm, 
as in Merrill’s description of P. mindanaensis, 
and calyxes nearly twice as large as in the Min- 
danao species. Inasmuch as P. mindanaensis 
occurs 1,500 miles east of Singapore, it would 
seem best to maintain it as a good species for 
the present. Tanaka found that specimens from 
Luzon and Samar islands are much less pubescent 
than the type material from Mindanao Island. 


10. Paramignya surasiana Craib, Kew Bul. 
Misc. Inform. 1916:261. 1916. Paramignya grif- 
fithii Hook. f. Fl. Brit. Ind. 1:510 (pro parte) (so 
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far as concerns the specimen from Pegu collected 
by McClelland, fide Craib). 1875. 

Type.—Thailand, Chiangmai, Doi Sutep (Kerr, 
No. 2542). 

Distribution.—Thailand; northern Burma: Pegu. 

[After Craib]: Twigs puberulous; spines re- 
curved, 7-9 mm long; leaves obovate or se Sock ati 
apex obtusely caudate-acuminate, base broadly cuneate or 
rounded, 10-14 cm long (including the acumen, which 
may be up to 1 cm long), 5.2-7.5 cm wide, chartaceous, 
slabironis except for the shortly pubescent midrib, oil 
glands abundant, conspicuous on the lower surface, 
lateral veins straight, at least 10 on each side, prominent 
on the underside; petiole 1.5-1.7 cm long, puberulous; 
sage about 4 mm ae with a few bractlets below; 
ower buds oblong, rounded at the apex, uP to 1.4 cm 
long; calyx 5.5 mm long on the outside, curly pubescent 
without (like the pedicels), appressed pubescent within, 
lobes unequal in fength: 1-2.5 mm long, with rounded 
ciliate tips; petals white, at least 1.7 cm long, glabrous; 
filaments 12 mm long, angular, flattened at the middle, 
nearly glabrous at base, elsewhere white pubescent; 
ovaries short, densely pubescent; style about 9 mm long, 
pubescent. 

This species is still inadequately known. 
The fruits, said by Craib to have been collected 
by McClelland at Pegu in Burma, are not de- 
scribed by either J. D. Hooker or Craib. The 
petals are very imperfectly known, and no meas- 
urements of the ovary are available. However, 
since Craib described this species along with 
P. rectispinosa, which has an exceptionally short 
ovary, and furthermore described the ovary of 
P. surasiana as “short,” it is clear that this species 
also has a very short ovary. Even if the ovary 
of P. surasiana were twice as long as that of 
P. rectispinosa, it would still be less than one- 
fourth as long as the style. More and better mate- 
rial of this species is much needed in order to 
place it accurately. It was collected by Kerr in 
evergreen jungle in the same locality in which 
he discovered P. rectispinosa but at an altitude 
nearly 1,000 m higher, ie., at 1,650 m instead 
of 660 m. 


11. Paramignya confertifolia Swing. Jour. 
Arnold Arbor. 21:17. 1940. Illus. Swing. loc. cit. 
pl. 4, figs. 1, 2; fig. 3-17 this work. 


Type.—China, Hainan, San Tsuen Mountain 
(Tsang Wai Tak, No. 15523). Herb. Univ. Calif., Berkeley. 


Distribution.—Southeastern China: Hainan Island 
and Kwangtung Province. 


A shrub, 3-5 m high, clambering over shrubs; 
young twigs slender, terete, pubescent, with internodes 
2-5 cm long on vigorous shoots but much shorter, often 
only 8-10 mm long, on fruiting branches; spines short (3- 
10 mm; usually 3-6 mm), recurved, often reduced in size 
or wanting on the end branches, especially on fruiting 
branches; leaves oval or oblong to long elliptical, usually 
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broadly rounded at the base (sometimes cuneate on longer 
leaves), the very tip of the acumen bluntly rounded, mid- 
rib and lateral veins visible on both surfaces but more 
distinct below, the 8-12 or more pairs of lateral veins 
arising at an angle of 60°-70° with the midrib, the space 
between being filled with smaller more or less parallel 
veinlets making elongate reticulations, margins entire or 
irregularly and shallowly crenulate; petioles 4-12 x 1-1.5 
mm, flattened above, more or less pubescent, wrinkled in 
dried specimens, pulvinoid portion not articulated, the 
whole petiole curving more or less to place the leaf blades 
in best position to catch the incident light; flowers axil- 
lary, arising singly or in small clusters, sometimes in 
greatly reduced racemes; flower buds cylindrical, 8-10 x 
2.5-3.5 mm; pedicels slender, 4-5 mm long, 0.5-0.7 mm 
wide, glabrous, subtended by minute sparsely hirsute 
bracts where the pedicels join the peduncles, which are 
hirsute; calyx small, 2 mm wide, 1-5 mm high, brownish 
buff-colored (as is the pedicel), lobes 5, triangular, with 
ciliate tips; petals 5, glabrous, white when fresh, yellow- 
ish-brown when dry, 7-9 or 10 X 34 mm; stamens 10, 
filaments flattened, 5-6 mm long, anthers linear, 1.8-2 
mm long; disk cylindrical, not broader than the ova 

base; ovary ovoid, 1.2-1.3 x 1 mm, strongly hirsute with 


yellowish-buff hairs, with 2 locules, each with 2 ovules, 
narrowed abruptly into the sparsely hirsute style, 4.5-6 x 
0.3-0.4 mm wide at base and more slender above, de- 
hiscent shortly after flowers open, stigma depressed glo- 
bose, 0.5 mm high and 1-1.5 mm wide; fruits at first sub- 
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Fig. 3-17. Paramignya confertifolia. Type specimen 
from Naam Shan Leng, Hainan, in the National Arbo- 
retum Herbarium. 
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globose, glabrous, but when full-sized becoming very 
rough, sometimes almost lobed with irregularly rugose 
folds of the peel, which shows numerous sunken oil glands 
having a turpentine-like odor and flavor, yellow when 
ripe, subglobose, 1.5-2 cm diam., apparently corky in 
places; seeds small, ovoid, monoembryonic. 

This species has been identified as P. scan- 
dens (Griff.) Craib, and as P. griffithii Hook. f., 
but it seems rather to be a new species allied 
to P. surasiana Craib from Thailand in having a 
very small ovary only a fraction of the size of 
that of the species found to the west of Thailand. 
It differs from P. surasiana in a number of im- 
portant characters and seems to be a good new 
species (see fig. 3-17). The sabe of P. conferti- 
folia is slightly less than a fo as long as the 
style (see Swingle, 1940a, pl. 4, fig. 2). 


12. Paramignya rectispinosa Craib, Kew Bul. 
Misc. Inform. 1916:261. 1916. Atalantia griffithii 
Craib (non Guill.), Aberdeen Univ. Studies 57:53. 
1915 (?). 
Type.—Thailand, Chiangmai, Doi Sutep (Kerr 
No. 1718). Herb. Kew. 
Distribution.—Thailand. 


(After Craib]: A climbing shrub with green, 
fleshy pubescent (soon puberulent twigs), up to 3.5 mm 
diam., with axillary, straight or nearly straight, pubescent 
spines nearly 2 cm long, green except for the straw- 
colored tips; leaves oblong or oblong-oblanceolate, rigid, 
chartaceous, obtusely-acuminate at the apex, gradually 
narrowed toward the rounded base, 10.5-14 x 2.8-4.7 
cm, blades glabrous above except for the midrib, which 
is finely pubescent (very rarely subglabrous) especially at 
base, soft-pubescent below, with many pellucid dots [oil 
glands], lateral veins about 15 on each side, anastomosing 
inconspicuously, faint above but prominent below; peti- 
oles 10-11 mm long, slightly channeled above, pubescent 
like the twigs; flowers white (fide Kerr), solitary; pedicels 
about 3 mm long, pubescent, with small bractlets near 
the base; calyx 2 mm long, pubescent without, glabrous 
within, 5-lobed, lobes deltoid or narrow-deltoid, rather 
obtuse, slightly shorter than the tube; petals oblong, 12 x 
mm, glabrous, conspicuously glandular dotted; filaments 
8 mm long, pubescent, aanduke like the petals, anthers 
2 mm long; disk slightly shorter than the calyx; ovary 
about 1 mm long, densely pubescent; style 7 mm long, 
with divergent hairs; stigma capitate. 


Craib compared this species with P. grif- 
fithii Hook. f. [= P. scandens], “from which it 
differs in having spines nearly 2 cm long, straight 
or nearly straight.” This species is known only 
from Craib’s original description, which shows 
it to differ markedly from the other species of 
the genus, not only in the long, straight (or nearly 
straight) spines, but also in its short calyx, very 
short ovary, and short anthers. The type speci- 
men was collected in evergreen jungle at 660 m 
above sea level. 
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SPECIES OF DOUBTFUL RELATIONSHIPS 


13. Paramignya cuspidata (Ridl.) Swing. 
Jour. Wash. Acad. Sci. 28:533. 1938. Atalantia 
cuspidata Ridl. Jour. Straits Branch Roy. Asiat. 
Soc. 82:174. 1920. 

Types.—Malacca, Sungei Hudang (Ridley, No. 
8391), and Dindings, Lumut (Ridley, No. 7944). Herb. 
Hort. Bot., Singapore. 


Distribution Known only from the type locali- 
ties in the Malay Peninsula. 


The original description reads as follows: “A 
spiny bush; branchlets pubescent; spines short, blunt, 
straight. Leaves thin-textured, not coriaceous, ovate-elli 
tic, cuspidate, blunt, base round, pubescent on the back, 
midrib sunk above, elevated beneath, the nerves about 
6 pairs, very fine, forked at tip, 2-3 in. [5-7.6 cm] long, 
0.5 in. [12 mm] wide; petiole 0.2 in. [5 mm] long, pubes- 
cent, jointed in the middle. Flowers solitary; pedicels 0.25 
in. [6 mm] long. Sepals round, pubescent. Petals 5, linear, 
oblong, 0.4 in. [1 cm] long, white. Stamens linear, ob- 
long. Ovary cylindric, hairy. Style stout, glabrous. Stigma 
orbicular. Fruit ovoid, blunt, 0.8 in. [2 cm] long; rind 
thin, pulp scanty; seeds 2, large flattened.” 

Thanks to the kindness of I. Henry Bur- 
kill, former director of the Singapore Botanic 
Gardens, Swingle secured a photograph from 
Kew Gardens of one of the type specimens col- 
lected by H. N. Ridley (No. 7944) at Lumut, 
Dindings, March, 1890. A close study of this 
photograph shows that the petiole is twisted just 
as those of other species of Paramignya, because 
of a pulvinus just below the leaf blade, noted 
by Ridley, who stated: “petioles . . . jointed in 
the middle.” This refers to the junction of the 
pulvinus with the lower rigid portion of the peti- 
ole. As the plant does not have recurved spines 
like true species of Paramignya, it would seem 
at first sight not to belong in this genus. However, 
an inspection shows that P. cuspidata has what 
seem to be leafy side branches that arise at 
right angles and sometimes curve backward. The 
pulvinate pubescent petioles, the recurved side 
branches, and the general character of the leaves 
seem to indicate either an ancestral form from 
which the true Paramignyas have evolved or else 
a degenerate form of Paramignya that has largely 
lost its climbing habit and no longer has recurved 
spines. This species is connected with the group 
of normal long-spined species of Paramignya 
through P. lobata, which is a woody climber with 
short reverted spines. 


14. Paramignya lobata Burkill, Gard. Bul. 
Straits Settl. 5:214. 1931. Atalantia hispida Rid. 
(non Pierre), Fl. Malay Penin. 1:357. 1922; A. 
monophylla Ridl. (non DC.), Jour. Straits Branch 
Roy. Asiat. Soc. 26:26. 1894. 
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Type.—Johore, Tumpat near Kota Pahat (Lake 
and Kelsall. Nov. 11, 1892). Herb. Hort. Bot., Singapore. 
Cotype: Kelantan, Tumpat near Kota Bakru (Ridley, Feb., 
1917). Herb. Hort. Bot., Singapore. 


Distribution.—Malay Peninsula. 


A climbing vine, with short (4-8 mm), retrorsely 
curved, stout, sharp spines with strong bases oval in cross 
section; twigs not angled but with slight longitudinal 
ridges, glabrous, apparently also slightly glaucous, inter- 
nodes 1-3 cm long; leaves thin but more or less coria- 
ceous, oblong-oval or long-elliptical, gradually acuminate, 
the extreme apex of the acumen bluntly rounded or sub- 
acute, bases broadly rounded or even sli htly cordate, 6- 
12 x 2.2-5 cm, margins subentire, slightly undulate, sur- 
face densely and evenly dotted with oil glands, midrib 
depressed shave. sieongly salient below, lateral veins faint 
above, and not strongly marked below, 12-15 pairs aris- 
ing from the midrib at an angle of 55°-60°, connected by 
coarsely reticulate veinlets; petioles 5-8 x 1-2 mm, wing- 
less, but with a narrow furrow on the upper surface, gla- 
brous, not clearly articulated with the leaf blade and not 
jointed in the middle, the entire petiole more or less pul- 
vinoid and able to bend and twist to put the leaf blade 
in proper position to catch incident light; flowers solitary, 
axillary; sepals 5, oblong-acute, becoming triangular, 
ciliate or velvety-pubescent without; petals 5, elliptic, 
slightly pubescent without, 7-8 mm se stamens 10, fila- 
ments free, velvety-pubescent; disk a cylindric gynophore, 
velvety-pubescent; fruits red, thin-walled, 1-1.5 cm long, 
1-2 cm diam., deeply 2-5-lobed, depending on the num- 
ber of seeds formed; pedicels 6-8 x 0.7-1.5 mm, more or 
less longitudinally ridged in the dried specimens; seeds 
about 9 x 6 X 4mm, apparently monoembryonic. 


Thanks to the courtesy of R. E. Holttum, 
then director of the Botanic Gardens, Singapore, 
who sent two type specimens on which this spe- 
cies was based, Swingle had the best possible 
material to study except for the flowers, which 
are known only from Ridley’s description of this 
plant cited above. The aia lobed fruits of 
this species are quite unlike those of any other 
species of Paramignya, and are for that matter 
unique in the tribe Citreae, although they are 
somewhat similar to the lobed fruits of Murraya 
gleniei of the tribe Clauseneae (see p. 234). 


Paramignya lobata resembles the shrubby 
P. cuspidata in having short, stout spines. Both 
of these species need further detailed study to 
determine more definitely their true affinities. 


15. Paramignya trimera (Oliv.) Burkill, 
Gard. Bul. Straits Settl. 5:213. 1931. Atalantia 
trimera Oliv. Jour. Linn. Soc. Bot. 5(2):24. 1861; 
Triphasia monophylla DC. 1824; Atalantia (?) 
recurva Benth. 1863. 

Type.—East Indian Archipelago, Timor Island 
(L’Eschenault, Tanaka’s Det. No. Q-1719). Herb. Kew. 

Distribution.—Java; southern Philippines: Min- 
doro and Mindanao islands; Timor; northeastern Austra- 


lia. 
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A very full description of this species based on 
material from Timor (the type locality) published by 
Decaisne (1834, p. 439) under the name Triphasia mono- 
phylla D. C., ea in translation as follows: “Twigs erect, 
rounded, bark glabrous, verrucose, yellowish-gray when 
young, becoming green. Leaves simple, 1-2 in. [2.5-5 
cm] long, % in. [18 mm] wide, oblong-ovate, subentire, 
sometimes emarginate at the apex, midrib prominent be- 
low, coriaceous, shiny, punctate with numerous pellucid 
glands, petiolate; petiole 4-2 lin. [8-4 mm] long, some- 
what abrous Spinescent stipules [spines] acute, 4-6 lin. 
[8-12 mm] long, horizontal, with a greenish cortex, be- 
coming gray. Inflorescence racemose, axillary, half as long 
as the leaves, 8-2 flowers; pedicels very short, somewhat 
glabrous, with 3 bracts. Calyx persistent, 3-toothed, glan- 
dular-punctate, with subrounded teeth, concave, margin 
ciliolate. Petals 3, rarely 4, alternating with the calyx, 2 
lin. [4 mm] long, obovate, concave, subcoriaceous, with- 
out veins, glandular, punctate in the middle, smooth. Sta- 
mens 6, shorter than the petals, filaments thick, flattened 
at the base, free, without glands, equaling the ovary in 
length. Anthers oblong-sagitate, obtuse at the apex, sub- 
glandular, punctate, longitudinally dehiscent. Pistil almost 
equal to the stamens in length. Ovary borne on a sub- 
sinuate disk, more or less cone-shaped, 2-locular, 1 pen- 
dent ovule in each locule. Style thick, glandular-punctate 
like the ovary. Stigma flattish, obscurely 3-lobed. Fruit 
(immature) fleshy, obovoid, crowned at the tip with the 
persistent stigma, filled with gum, 2-locular, 1 seed in 
each locule, seeds attached at the internal angle of the 
segments.” 

A specimen collected on Mataja Island, Minda- 
nao, Philippines, by Kienholz (Bur. Sci., Manila, No. 
15525, in Herb. Univ. Calif.), was assigned to this species 
by Tanaka (1932e, p. 427). It has leaves 8-10 x 5-6 cm, 
oval in outline, broadly rounded at the apex, and rather 
abruptly emarginate; the wingless petioles, 5-7 mm long, 
are not per ae with the blade, wrinkled when dry, 
doubtless pulvinoid in the fresh state. At each node is 
found a single short sharp recurved spine, 5-7 mm long. 
The young ovaries are ee at the base, ovoid in out- 
line, tapering into a very short style, less than % the length 
of the ovary, which is 2 mm long and 1 mm wide. The 
leaves are much larger than those reported by Decaisne 
from Timor. 


This species of Paramignya is an anoma- 
lous one and may prove not to belong to this 
genus. It has, however, recurved spines and 
a cylindrical gynophore like Paramignya. The 
locule walls seems to have minute hair-like secret- 
ing emergenzen unlike any other member of this 
genus yet studied. 


Subtribe 2. Citrinae: Citrus Fruit Trees 


The thirteen genera of the subtribe Citri- 
nae (the Citrus Fruit Trees), which include sixty- 
five species, differ strikingly from the other 
members of the orange subfamily in having pulp- 
vesicles, very peculiar structures that arise from 
the locule walls (especially the dorsal wall) and 
grow into the locular cavity, developing into sacks 
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filled with numerous large, very thin-walled cells 
full of a watery juice. No such structures are 
found in any other plants of the family Rutaceae 
or in related families, and no close homologies 
are known among any of the higher plants. Other 
genera of the subfamily Aurantioideae have secre- 
tory glands on the locule walls, from which arises 
the mucilaginous gum that fills the locular cavity 
of the ripe fruit in most of the genera. 

The taxonomic work that has been done 
since the beginning of this century on the genera 
most closely related to Citrus has shown that the 
er eee not only are of primary importance 
in the classification of the very close relatives of 
Citrus (the True Citrus Fruit Trees)’ but are 
even more important in the taxonomic study of 
the genera included in the Near-Citrus Fruit 
Trees and in the Primitive Citrus Fruit Trees. 
The presence or absence of pulp-vesicles is in- 
deed of paramount importance in the correct 
classification of the small-fruited Citrus relatives 
and has permitted making a sharp distinction be- 
tween the two groups of small-fruited members 
of the subtribe Citrinae and the deceptively sim- 
ilar Minor Citroid Fruit Trees belonging to the 
subtribe Triphasiinae. 

The thirteen genera of the subtribe Citri- 
nae fall naturally into three groups, A, B, and C. 
Group A, which we may call the Primitive Citrus 
Fruit Trees, comprises five genera, Severinia, 
Pleiospermium, Burkillanthus, Limnocitrus, and 
Hesperethusa. Pleiospermium has pulp-vesicles 
that are small, ovoid or cylindrical, blunt-tipped, 
and staal distinctly corticated. Limnocitrus has 
pulp-vesicles that are slender, fusiform, with very 
acuminate tips, somewhat contracted at the base 
where they are attached to the dorsal wall of 
the locule. Severinia and Hesperethusa have 
peripheral pulp-vesicles that are irregular in 
shape and size and little differentiated in struc- 
ture. Finally, Burkillanthus, which is a very 
strange genus, has pulp-vesicles of a type not 
found as yet in any other plant in the orange 
subfamily. The walls of the pulp-vesicles are 
rather thick and semitranslucent. As the fruit 
ripens, the pulp-vesicles apparently collapse en- 
tirely and may ei set free a mucilaginous 
fluid. Burkillanthus has leaf, spine, and flower 
characters greatly resembling those found in 
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the genus Pleiospermium, from which it differs 
chiefly in having muck larger fruits with a tough 
rind and in having very numerous ovules (22 to 
26) in each of the five locules, instead of two 
ovules as in Pleiospermium. Probably Burkill- 
anthus arose from a Pleiospermium-like ancestral 
form. 

Group B, the Near-Citrus Fruit Trees, 
comprises two genera, Citropsis and Atalantia, 
both showing well-organized pulp-vesicles with 
broad sessile bases and slender conical sides 
tapering to a rather acute apex pointed toward 
the center of the fruit. | 

Group C, the True Citrus Fruit Trees, 
includes six genera with highly organized pulp- 
vesicles that show a slender stalk at the base 
(except Clymenia) and a more or less expanded 
fusiform body with the apex more or less acutely 
pointed. The genus Clymenia has short, often 
subglobose pulp-vesicles with short, usually very 
broad stalks or almost sessile. Nevertheless, in 
all its other characters, Clymenia is a True Citrus 
Fruit Tree, greatly resembling Citrus in external 
character, with simple leaves like those of Citrus 
medica but with venation somewhat like that in 
leaves of Wenzelia and Monanthocitrus of the 
subtribe Triphasiinae. 

The genus Hesperethusa in group A re- 
sembles Citropsis in group B in its leaf and seed 
characters but has much smaller fruits with much 
less definitely organized pulp-vesicles. The genus 
Atalantia of group B resembles the genera Fortu- 
nella and Eremocitrus of group C in having small 
fruits with few locules, each containing only one 
or two ovules. All the other genera in group C 
have larger fruits, with four or more (usually six 
or eight) ovules in each locule. 

The twelve genera that, with Citrus, con- 
stitute the subtribe Citrinae are of extraordinary 
interest since all of them are undoubtedly rather 
closely related to Citrus. Some of them throw 
light on the origin and evolutionary development 
of the True Citrus Fruit Trees, as they represent 
more or less accurately the remote ancestral forms 
from which Citrus arose. Every effort has been 
made to discover all possible characters that serve 
to demonstrate the evolutionary progress and 
present relationships of these plants. For this 
reason tens of thousands of serial microtome 


7H. H. Hume was the first citrus expert to utilize pulp-vesicles as an important means of distinguishing the 
commonly cultivated species of Citrus Fruit Trees. He stated (1909, p. 14; also 1926): “It is believed that the juice sacks 
of the pulp, their size, shape and appearance in the cut surface of the fruit, can be used to some extent as a diagnostic 
feature in classification, a point which seems to have been quite generally overlooked.” Hume figured the pulp-vesicles 
and used them in his technical descriptions of the eight species of Citrus, Fortunella, and Poncirus that he recognized. 
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sections were made by the modified Juel tech- 
nique from herbarium specimens. The new char- 
acters thus revealed have made possible the 
taxonomic placement of many genera and spe- 
cies up to now only imperfectly known, and 
sometimes known only from a single scanty her- 
barium specimen. For example, in all the herbar- 
iums of the world, the new genus Clymenia, 
closely related to Citrus (see p. 326), and the 
new species Citropsis tanakae (see p. 313) were 
each represented by a single specimen, each 
having only a single flower bud. Nevertheless, 
by application of the modified Juel technique, 
it was possible to classify both of these plants 
with certainty. 

Thanks to this minute and detailed study 
of all known plants of the subtribe Citrinae, a 
study that has extended over many years, it be- 
came possible to discuss, with all pertinent evi- 
dence assembled, the phylogeny of the True 
Citrus Fruit Trees, a problem of great scientific 
interest because of the highly specialized pulp- 
vesicles filled with fragrant, delicious juice. In 
the orange subfamily these organs are found only 
in the subtribe Citrinae and in full perfection 
only in the genus Citrus; nor are they known 
to occur in any other of the half-million or so 
species of higher plants now recognized by taxo- 
nomic botanists. Keys to the groups and genera 
of the subtribe Citrinae are presented below. 


GROUP A. THE PRIMITIVE CITRUS 
FRUIT TREES 

This group includes the five genera of the 
subtribe Citrinae, Severinia, Pleiospermium, Bur- 
killanthus, Limnocitrus, and Hesperethusa, which 
show the most primitive pulp-vesicles, lacking the 
stalks of the pulp-vesicles of group C (the True 
Citrus Fruit Trees) and the definite conical shape 
with broad sunken bases of those of group B 
(the Near-Citrus Fruit Trees). 

Until three decades ago, taxonomists had 
not realized that the plants belonging to these five 
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genera contained in their fruits various primitive 
forms of pulp-vesicles, those very remarkable 
structures heretofore known only in the True 
Citrus Fruit Trees, where they attain their most 
perfect development, and in the obviously related 
Near-Citrus Fruit Trees, where they are some- 
what simpler but still impossible to overlook. As 
a result of this discovery, made during the origi- 
nal preparation of this chapter, these five genera 
were transferred to the subtribe Citrinae and took 
their place among the near relatives of Citrus. 
Severinia has six species, all with simple 
leaves and with a cup-shaped disk in which the 
base of the ovary is cea immersed. The ao 
primitive pulp-vesicles are peripheral and muc 
like those of Hesperethusa described below. 


Pleiospermium has five species: one with 
trifoliolate leaves, rarely with two leaflets or 
even one; another species with usually unifolio- 
late or difoliolate leaves, rarely with three leaf- 
lets; the third, fourth and fifth species always 
with unifoliolate leaves. All these species have 
winged petioles that are rather long (one-eighth 
to one-sixth the length of the leaf blade) and 
articulated with the blade. The locules of the 
fruit contain numerous small, ovoid or cylindri- 
cal pulp-vesicles, with bluntly rounded or acute 
tips, usually having an outer cortical shell of 
coarser tissue surrounding a central core of more 
delicate tissue that seems to disintegrate, as the 
fruit ripens, into a more or less spongy, oily, or 
resinous mass. | 

Burkillanthus looks like a Pleiospermium 
with giant, hard-shelled fruits. The uni-, di-, or 
triofoliolate leaves resemble those of Pleiosper- 
mium dubium but are larger; the petioles are 
narrowly winged and articulated with the leaf- 
lets, as in all the species of Pleiospermium. The 
flower is larger than in Pleiospermium and the 
ovary is very different in morphology, having 22 
to 26 ovules in each of the five locules, the largest 
number known in any plant of the orange sub- 
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A Pulp-vesicles with slender basal stalk, swollen above into fusiform or ovoid body with pointed (or rarely rounded) 
tip, containing large-celled juicy tissue (basal stalk broad and short in Clymenia). 


Group C, True Citrus Fruit Trees (6 genera, 29 species) (p. 326) 


AA Pulp-vesicles without a slender basal stalk. .................... 
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B Pulp-vesicles with a broad base deeply sunken in the locule wall, tapering evenly to an acute tip. 
Group B, Near-Citrus Fruit Trees (2 genera, 22 species) (p. 301) 
BB Pulp-vesicles usually tapering to a narrowed or pointed tip, often corticate, sessile or nearly so, central tissue 
disorganizing more or less at maturity into an oily or resinous mass (thin-walled, polygonal, noncorticate with 
contents not becoming disorganzed in Hesperethusa). 


Group A, Primitive Citrus Fruit Trees (5 genera, 14 species) (p. 281) 
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KEY TO THE GENERA OF THE SUBTRIBE CITRINAE 
A Stamens ie eat oe 1 om re Se eS I PE IT OTT RID Bc PPO ie EsTSnr TIE eee eee B 
y 


B Fruit locules 


or fully filled with sessile or subsessile des eras without a definite slender stalk......... C 
C Pulp-vesicles rudimentary, without definite shape; or e 


e cylindrical, more or less conical, sessile or nearly 


so, contents usually disintegrating more or less at maturity into an oily or resinous mass (group A, Primi- 
D 


tive Citrus Fruit Trees). ...........0000..0 cc eeeeseeeeeeee 


D Leaves pinnate, rachis broadly winged; ovary with 4 locules, each with 1 pendent ovule; fruits small, 
LO eran CARIN oooh car acade se es sud hia Sseae soe tous acta ig opapdcecasekcawie ec (5) Hesperethusa XVIII (p. 299) 
DD Leaves 3-foliolate, 2-foliolate, or 1-foliolate; ovary with 2-5 locules, each with either 2 or else more 


CAN ZO OVINCS Sie Aussi seis cd ithe shoes aed epace ard cece abi, Sete ete tas Seated Sete pesca been te Peed 
E Ovary locules 5, with 22-26 ovules; fruits 8-11 cm diam., with a leathery or woody rind. 
(3) Burkillonthus XVI (p. 294) 
EE Ovary locules 3-5, each with 1 or 2 ovules; fruits 1.5—4 cm diam, ...............-ssscscccececeeeeeeseeeeeeeseeses F 
F Disk small, annular; leaves 3-, 2-, or 1-foliolate; leaflets acute or acuminate at tips; petioles 
winged, articulated with leaf blade; fruits 1.5-2.5 cm diam. ...... (2) Pleiospermium Ky a 290) 
FF Disk cup-shaped, enclosing base of ovary; leaves simple......................-.-:scscesssessseeeeeeesseeeeeeesers G 


G Ovary with 15-20 narrow, i Svea hirsute ridges with glabrous bands between; 
ifo 


ata long, slender, fus 
Be eM catet ss ocse et Sek st cast cos Measiecs cata Mer ceceeh cece etal (4) Limnocitrus XVII (p. 297) 
GG Ovary without longitudinal ha 


rm, somewhat contracted toward base; fruit 3.5-4 cm 


iry ridges; pulp-vesicles irregular in size and shape, poly- 


hedral from mutual pressure; fruits 6-12 mm diam. ................. (1) Severinia XIV (p. 283) 
BB Fruit locules filled with broad-based, conical, noncorticate pulp-vesicles, more or less deeply imbedded in the 


locule wall (group B, Near-Citrus Fruit Trees) ......... 


sasbnthaenacesavassoad aoave'ecatitessauesttent.uastaussqasel.outsesetueeconetseusetsneuteegel H 


H Leaves odd-pinnate or 3-foliolate (rarely 1-foliolate), soft-textured like those of Citrus, lateral veins con- 
spicuous, with few inconspicuous reticulate veinlets connecting them; petioles and rachis segments winged 
(except in Citropsis le-testui); petioles articulated at both ends (except in C. tanakae, which has simple 
leaves with wingless petioles); pulp-vesicles sessile, conical, tapering regularly from the broad base to 


CUS CAP. ds casa sass asc z tata btateetslnctiaatee vans caecebeadedetecu ete acees uence ce tencaten eceantes tua (6) Citropsis XIX (p. 301) 
HH Leaves 1-foliolate (rarely simple), coriaceous, lateral veins numerous, connected by fine reticulated vein- 
lets; petioles wingless; pulp-vesicles like those of Citropsts. ...........2....:c:ssssessseesee: (7) Atalantia XX (p. 315) 


AA Stamens 4 (or sometimes more) times as many as the petals; fruits filled with slender-stalked, fusiform pulp-vesicles 
acute at apex (subsessile in Clymenia, rounded at apex in Eremocitrus and most species of Microcitrus (group C, 
K 


True Citrus Fruit Trees). .................:.ccccssssscssssesscscenssceeenees 
K Leaves deciduous, 3-foliolate; flowers produced from scaly buds on last year’s twi 
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(10) Poneirus XXIII (p. 344) 


KK Leaves persistent, 1-foliolate; flowers produced on new growth in spring...................:.-:ssscscececsessesceseeeeeeeeeeeeseeeess L 


L Leaves very thick, gray-green, wi 


ovaries with 3-5 locules, each with 2 ovules..... 


Sw eseeeVesees SOE SSOTSSSSOBETESLESESSEREABESASSESESES 


palisade tissue and stomata on both faces; stamens with free filaments; 


) Eremocitrus XXII (p. 339) 


LL Leaves thin or only moderately thick, with palisade tissues and stomata on the lower side only; ovaries with 
many ovules in each locule, or if with only 2 in each locule, then with the filaments cohering in bundles.......M 
M de Rear subsessile, subglobose, usually narrowed toward the base but without a slender stalk, at- 

ta 


ed in large numbers to 


e side walls as well as to the dorsal walls of the locules; stamens very 
numerous (10-20 times as many as the petals); stamens with filaments free. 


(11) Clymenia XXIV (p. 349) 


MM Pulp-vesicles usually elongate, sometimes subglobose (Microcitrus), but always slender-stalked, at- 
tached to the dorsal walls, usually few or none attached to the side walls of the segments; stamens 4— 


8 times as many as the petals. .................- 


SPOSSFT OSS SETH SESHSH SEES SSESHSSSSSSSHOSSSSOESSSEHOSSSEOSST SEES ESESSSESODSSSESHSCSSOHSESSSEHRSOVESSCESEOOE 


N Leaves dimorphic, very small on the young seedlings; stamens with filaments free; ovaries with 


4-8 locules, many ovules in each locule; stamens 4 (or 5?) times as many as the petals. 
(12) Microcitrus (p. 350) 
NN Leaves not dimorphic; staminal filaments cohering in bundles...................-..-sececcsceesecceeecseeneceeeeseesee P 
P Ovaries with 3-7 locules, 2 ovules in each locule.....................ceeceeee (8) Fortunella XXI (p. 328) 


PP Ovaries with 8-18 (usually 10-14) locules, 4-12 ovules in each locule; stamens 4-8 times as 


as many as the petals..................... 


family. The fruits of Burkillanthus are much 
larger than those of Pleiospermium and also dif- 
fer in having a firm leathery or woody rind. They 
contain very numerous, very large seeds and pe- 
culiar thick-walled pulp-vesicles that seem to 
secrete a mucilaginous fluid. Burkillanthus is 
probably descended from a Pleiospermium-like 
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SD RCE ean: (13) Citrus XXVI (p. 358) 


ancestor but has become so different as to con- 
stitute a very distinct genus. 

Limnocitrus also resembles Pleiospermium 
slightly but differs in having thick, aan simple 
leaves with very short petioles (one-tenth as long 
as the leaf blade) that are pulvinoid for their 
whole length. The ovary differs strikingly from 
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that of Pleiospermium. The fruits of Limnocitrus 
differ from those of Pleiospermium in having 
very numerous, very slender, fusiform pulp- 
vesicles contracted at the base into a short, broad 
stipe; they also show a central core of whitish 
droplets of oil (or wax?). These pulp-vesicles do 
not show the clearly corticated structure of those 
of Pleiospermium, or the irregular outlines of 
those of Hesperethusa, which are also much 
larger and fewer. 

Hesperethusa presents striking analogies 
in its leaf characters with Citropsis, the African 
cherry-oranges. The pulp-vesicles in Citropsis are, 
however, much more highly organized than those 
of Hesperethusa, and show a high specialization 
of both structure and arrangement in the locule. 
The pulp-vesicles of Hesperethusa are irregularly 
rounded or even polygonal from natural pressure, 
without specialization of form or regularity of 
arrangement as far as can be learned from the 
material now available for study. Hesperethusa, 
like Citropsis, can be grafted on Citrus, and 
vice versa. 

This group of Primitive Citrus Fruit Trees 
offers promise of throwing light on the origin 
and evolution of the pulp-vesicles, unique organs 
that are found only in the subtribe Citrinae and 
that reach their highest development in the genus 
Citrus and the other closely related genera com- 
prising the True Citrus Fruit Trees. 

In the course of a comparative study of 
the vascular traces of the flowers of all obtain- 
able genera of the orange subfamily, Tillson 
(1938, pp. 12 and 25; see also Tillson and Bam- 
ford, 1938, pp. 787 and 791) found that all the 
genera comprising the Primitive Citrus Fruit 
Trees show fusion of the lateral sepal bundles 
with the petal midrib. This unusual type of 
floral vascular anatomy is found elsewhere in 
Luvunga and Paramignya, in the species of Citrus 
belonging to the subgenus Citrus (comprising all 
the commonly cultivated citrus fruit trees), and 
in Swinglea. 

XIV. Severinia Tenore 

XIV. Severinia Tenore, Ind. Sem. Hort. 
Neap. 3. 1840; also in Atti Terza Riunione Degli 
Sci. Ital. 502. 1841. Helie Roem. Syn. .Hesper. 
1:42. 1846. 

Type species.—“Citrus buxifolia Hort.” = C. bux- 
ifolia Poir., in Lamarck, Encycl. Meth. 4(4):580 (1797) = 
Severinia buxifolia (Poir.) Tenore, loc. cit. 

Distribution.—Southern China, Malay Peninsula, 
East Indian Archipelago to the Philippines, Kei Islands, 


and New Guinea. 
Common name.—Box-orange or severinias. 
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Leaves simple, conspicuously parallel-veined, with 
very short wingless petioles 45-140 the length of the leaf 
blade, not articulated with it; flowers small; in simple 
clusters in the leaf axils or in corymbs or panicles; sepals 
3-5-lobed; petals 3-5; stamens 6-10, free; disk cup- 
shaped, enclosing the base of the ovary; ovaries with 1-5 
locules, with 1 ovule pendent in each locule; fruits small, 


berry-like and juicy or semidry with a well-defined peel 
dotted with oil glands; ae with rudimentary caip: 
vesicles, polyhedral through mutual pressure, often 
crushed by the developing seeds; seeds smooth, plump, 
single in each locule. 


The types species and all the other spe- 
cies here referred to as Severinia have in recent 
decades been considered to be species of Ata- 
lantia. Atalantia, however, differs decidedly from 
Severinia in having well-formed, conical pulp- 
vesicles and much larger flowers, often with the 
filaments of the stamens more or less connate. 
The typical species of Severinia have the ovary 
more or less sunken in the disk, which is, in 
consequence, usually broader than the ovary. 
As noted above (p. 281), Severinia has very primi- 
tive, stalkless, peripheral pulp-vesicles very like 
those of Hesperethusa; in neither genera is there 
indication of the contents breaking down into a 
more or less resinous mass, such as is seen in 
Pleiospermium. Severinia differs decidedly from 
Hesperethusa in having simple leaves and sta 
less petioles. The leaves of Severinia are strongly 
veined, the finer veins forming more or less uni- 
form reticulations, not clearly marked in Hes- 
perethusa. A still more striking difference is in 
the disk, which is cup-shaped in Severinia and 
annular in Hesperethusa. Severinia resembles 
Atalantia in the shape, size, and venation of its 
leaves and in having wingless petioles, but dif- 
fers decidedly in having nonarticulated petioles 
and more primitive pulp-vesicles without definite 
form, those of Atalantia being conical and point- 
ing toward the center of the fruit with a rather 
broad base, more or less sunken in the tissues of 
the dorsal locular walls. Severinia also resembles 
somewhat several of the genera in the subtribe 
Triphasiinae, especially the genera Paramignya 
and Pamburus, trom which it differs in possess- 
ing rudimentary pulp-vesicles. 

Severinia lauterbachii is very different from 
the first five species of the genus and is as yet 
only imperfectly known. 

Severinia buxifolia and S. disticha are 
known to have served as rootstocks for Citrus, 
and it is probable that other species can be so 
employed. 

The six species of Severinia are 
below. 
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THE CITRUS INDUSTRY 


KEY TO THE SPECIES OF SEVERINIA 


A Fruits nearly black, subglobose, berries with a very thin skin covering a fleshy exocarp; flowers small, 5-merous; 
ovary with 2 locules (rarely 3); disk deep cup-shaped, enclosing the base of the ovary; twigs with single straight, 


SUE, SPINES 62s cease tid atussas el caste ene eeee eee 


Ee Oe ee NSD et Oe Ret) oe hr ee Reo 1) S. buxifoka 


AA Fruits greenish-yellow, or rarely purplish, semidry; peel of appreciable thickness, with numerous oil glands; twigs 
SPINElESS OF TEATIY SO, esitosccssts cee taco ces ee oi oa eg tet sie cies acter sate ahs peice niaatrasea hd cnceutiasscdac ance B 
B Ovaries and fruits triangular in cross section; leaves large (12-16 x 6-8 cm); disk short, its margin with 10 


is ca 1019 fo) 0 Ne aR ee ee STI et ney re Star NT nn Ov tt TL Re ar ee TE 6) S. bachii 

BB Ovaries and fruits circular in cross section; disk not crenulate-margined..................----c-cssssssssssseeteseneecsscesescsneceees C 
C Ovary with 1 or 2 locules; style (shorter than ovary) only 1 mm long including stigma;; leaves oblong-ellip- 
TE-OV ALE; Strom Sly FOCUS Cisse dese cates sone cals ccs aaa ete rau cetacean eee ee eect bensueas its 5) S. retusa 

CC Ovary with 2, 3, or 4 locules; style as long as the ovary or slightly longer; leaves blunt at apex or only 
SUS TAthy FOCESC scat se as eceececs aaeeoaac esc se ce suites ebay eee ete oh fede one alee Suet oe eae any atheete itachi et, D 

D Leaves oblong-ovate, large (7-12 x 3-5 cm); inflorescences long-paniculate................. 4) S. paniculata 

DD Leaves small, 2-9 (rarely 10 or 11) cm long; inflorescences short. .................::cscesssseesesessescesteceesenceesenes E 

E Leaves linear or linear-lanceolate, 3-10 mm wide; disk shallow-cupulate. .................... 3) S. linearis 


EE Leaves oval to ovate-lanceolate or fusiform, 2-4 cm wide; disk deep-cupulate. .......... 2) S. disticha 


1. Severinia buxifolia (Poir.) Tenore, Ind. 
Sem. Hort. Neap. 3 (?). 1840; also in Atti Terza 
Riunione Degli Sci. Ital. 501-503. 1841. Citrus 
buxifolia Poir. in Lamarck, Encycl. Meth. 4:580. 
1797; Limonia monophylla Lour. (non L.) FI. 
Cochinch. 1:271. 1790; Citrus emarginata Desf. 
1829; Limonia bilocularis Roxb. 1832; Sclerostylis 
atalantioides Wt. & Arn. Prodr. 93. 1834; Atalan- 
tia loureiriana Roem. Syn. Hesper. 1:44. 1846; 
Helie atalantioides (Wt. & Arn.) Roem. Syn. Hes- 
per. 1:42. 1846; Sclerostylis buxifolia Benth. Hook. 
Jour. Bot. 3:326. 1851; Atalantia buxifolia Oliv. 
Jour. Linn. Soc. 5 (Suppl. 2):26. 1861; Severinia 
monophylla (“L.”) Tan. Bul. Mus. Hist. Nat. Paris, 
2 ser. 2:163. 1930.® Illus. Seemann, Bot. Voy. 
Herald, pl. 81. 1852-1857; Penzig, Studi Bot. 
Sugli Agrumi, Atl. pl. 11, figs. 6-17; pl. 12, figs. 
1-21. 1887; Swingle, Jour. Wash. Acad. Sci. 5:656, 
657, figs. 1, 2. 1916; Tillson & Bamford, Amer. 
Jour. Bot. 25:784, figs. 21-25. 1938; fig. 3-18 this 
work. 

Type locality—In the vicinity of Canton, China 
(Sonnerat). Herb. Mus. Nat., Paris. 

Distribution—Southern China: Kwangtung Prov- 
ince, Hainan Island; North Vietnam; South Vietnam; 
Taiwan; Hong Kong; Cambodia; Laos. 

Common name.—Chinese box-orange. 

Bentham’s description (1851, p. 326) may be 
translated as follows: “Low shrub, or in our gardens dwarf 
tree, branches spreading, young twigs obscurely angular 
or somewhat compressed, always puberulous, soon gla- 
brous and terete. Spines axillary, strong, usually much 


shorter than the leaves, only rarely longer. Leaves 1-1% 
in. [2.5-3.8 cm] long, 6-9 lin. [12-18 mm] wide, obtuse, 
narrowed at the base into a short, narrow, rounded peti- 
ole, coriaceous, rigid, densely dotted with oil glands, gla- 
brous, with numerous parallel veins arising from the mid- 
rib, much more conspicuous than in many species [of 
Sclerostylis = Atalantia]. Flowers between small bracts 
in the axils of the leaves, sessile, or rarely borne on a very 
short pedicel, never solitary, usually 2-3-fasciculate. Calyx 
widely campanulate, short, smooth, with 5 rounded, very 
obtuse lobes. Petals 5, scarcely 2 lin. [4 mm] long, ob- 
long, erect, glabrous. Stamens 10, shorter than the corolla, 
filaments dilated, attenuate at the apex, anthers ovate, 
arallel locules. Ovary sessile on a cupulate disk, subglo- 
se, fleshy, with small locules in the centers, ovules at- 
tached to the central axis slightly below the apex. Style 
very short, stigma thick, ovoid, pulvinate. Berry depressed 
i becoming black at maturity, seeds large, ovoid.” 


The original description of Poiret (1797, pp. 580, 
581) reads, in translation, as follows: “Citrus buxifolia, 
leaves subsessile, ovate-retuse, flowers racemose, very 
small. . . . I do not know its height, but the branches I 
have examined in the herbarium of Citizen Lamarck, 
would indicate that it is not tall. With its short, stiff 
branches, its spines and the shape and firmness of its 
leaves, it has the aspect of Rhamus pyracantha. The 
wood is hard, white, with a smooth green bark. It has 
many spreading branches with stiff straight spines, yel- 
lowish at the tips. The leaves are few, alternate, oval, 
almost sessile, much like those of box, but twice as large, 
obtuse at the apex, emarginate, narrowed at the base, re- 
markable by the very close veins, which are prominent 
and parallel, coriaceous, with entire margins. The petioles 
are simple and very short. The flowers occur in 
bunches toward the ends of the branches. The corolla is 
white and very small. This plant is native to China and 


8 Roemer was apparently the first to notice that the Limonia monophylla of Loureiro (1790, p. 271), wrongly 
credited by Loureiro to Linnaeus, was not that species but the very different plant, Severinia buxifolia, which Roemer 


renamed in Loureiro’s honor. 


® Tanaka repeated Loureiro’s error and wrongly identified Limonia monophylla L. with Severinia buxifolia be- 
cause he found poor specimens of this latter species labeled Limonia monophylla in the herbarium of Linnaeus, pre- 
served by the Linnean Society of London. However, B. Dayton Jackson, for many years the keeper of the Linnean 
Herbarium, had already indicated categorically (1912, pp. 26 and 97) that of the material in the Linnean Herbarium 
labeled Limonia monophylla (including the specimens seen by Tanaka) “there is no specimen so named by Linné,” a 


verdict confirmed by Airy-Shaw (1939, p. 292). 
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was observed there by Sonnerat, who sent the specimens 
to Citizen Lamarck.” 

This, the type species of the genus Sev- 
erinia, is not an uncommon plant in wooded 
areas in southern China as far north as the Tropic 
of Cancer. It is also found in Hong Kong and 
Hainan, and in Indo-China from the northern 
border of Laos and North Vietnam to latitude 
10° S. It is a small, spiny tree with crooked, 
thorny branches and dense, evergreen foliage 
(see fig. 3-18). It is esteemed by the Chinese for 
its leaves, which are used in making yeast cakes. 
For this reason it is called ‘tsau ‘ping lak}° in 
Cantonese, meaning “wine cake thorn.” 

A careful search for variations in S. buxi- 
folia, made by G. W. Groff and F. A. McClure, 
formerly of the Horticultural Department of 
Lingnan University at Canton, led to the dis- 
covery of many forms of the species .differing in 
height, character of growth, size and shape of the 
leaves, number and length of spines, et cetera, 
and also in physiological characters, such as con- 

eniality with Citrus in grafting experiments. So 
ar, none of these forms have been given taxo- 
nomic names, but some appear so distinct that 
when they are studied more carefully it may 
prove desirable to recognize them as subspecies, 
varieties, or forms. 

Certain broad-leaved forms growing near 
the seashore at Da Nang (Tourane) in South 
Vietnam (Lat. about 16° N.) have shown not only 
great vigor under culture but also high resist- 
ance to boron and injurious saline solutes often 
found in the ground water where Citrus is grown 
in semiarid situations. 

Inasmuch as Citrus can be grafted readily 
on S. buxifolia, and since some plants so grafted 
have lived over thirty years without showing 
any sign of bad graft union, it is clear that more 
study should be given to the use of this species 
as a rootstock. Besides its important physiologi- 
cal distinction from Citrus in respect to boron 
absorption and sensitivity toward saline solutes 
in the ground water, the very fact that S. buzi- 
folia is so remote a relative of Citrus as to be 
quite immune to many Citrus diseases recom- 
mends it for trial as a rootstock. 

With regard to the relative boron tol- 
erance of the lemon and the box-orange, Eaton 
and Blair (1935, p. 413) stated: “The lemon (Cit- 
rus limonia Osbeck) is highly sensitive to boron; 
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Fig. 3-18. Severinia buxifolia. Leafy branch with fruit 
clusters. 


in fact few plants are thought to be more sensi- 
tive, and it accumulates much boron in its leaves. 
The Chinese box orange, Severinia buxifolia, on 
the other hand, in confirmation of the observa- 
tions of Swingle, Robinson, and May, is rela- 
tively tolerant to boron. Severinia has been found 
to accumulate much less boron in its foliage than 
does the lemon.” 

Eaton and Blair conducted experiments 
on boron tolerance of the lemon and of the 
Chinese box-orange, as well as of reciprocally 


10 This name is given ie Groff (1923, p. 273) in his list of some 7,600 Chinese Ss names used in Kwangtung 


Province, China. The Chinese characters used to write this name are given by Eitel an 


6871, 5047, and 3286), with the tones accurately marked. 
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grafted plants (i.e., lemon on box-orange roots 
and box-orange on lemon roots) which Swingle 
rd ee them with the help of Eugene May, Jr. 
Striking proof that the box-orange has much 
higher resistance to boron-poisoning than the 
lemon is given in their Table II reproduced below 
(table 3-2). 

Eaton and Blair commented as follows 
on the data presented in the table: “Lemons 
[grafted] on box orange roots had about one- 
third as much boron in their leaves as when 
grown on their own roots. The data indicate that 
the boron concentrations in the box orange 
leaves are increased threefold when the plant 
is grown on lemon roots. There were no box 
orange plants on their own roots in the 2 and 
4 ppm cans, but the plant in 6 2 on its own 
roots had 390 ppm, whereas the box orange on 
lemon roots in 4 ppm had 877 ppm of boron 
in its leaves. Lemon leaves on their own roots 
were more severely injured than when on the 
box orange roots.” . 

This record of experiments, made after 
years of experience in growing Citrus in nutrient 
solutions containing known amounts of boron, 
is of great value in showing the striking dif- 
ference in the toxicity of boron for Citrus roots 
and for Severinia roots, although both genera 
of plants grow wild in situations that are similar 
with respect to both climate and soils. (See also 
discussion of boron tolerance of Eremocitrus, 
on p. 341.) 


THE CITRUS INDUSTRY 


The possibility of growing Citrus on a 
pa as remote, taxonomically, as the box-orange 
as served to direct attention to the need of test- 
ing all the wild relatives of Citrus in the hope of 
finding others able to thrive, as the box-orange 
does, in physical and biological environments 
that Citrus roots cannot endure, and at the same 
time able to serve as rootstocks for the commonly 
cultivated species of Citrus. 

1a. Severinia buxifolia brachytic form. 

Common name.—Dense-leaved box-orange. 

Twigs spineless or nearly so, internodes very 
short, often less than 1 cm long; leaves densely crowded 
because of the short internodes; flowers and fruits as in 
the species but produced in less abundance. 

This form, analogous to the myrtle-leaved 
variety of the sour or Seville orange, Citrus 
aurantium var. myrtifolia, is even more like the 
common box (Buxus sempervirens) in general 
appearance than the normal form of the Chinese 
box-orange. This dense-leaved variety is, like the 
sare species, able to endure high temperatures, 

ot winds, and other unfavorable climatic condi- 
tions that would injure or kill the true box tree. 
It cannot, of course, endure severe cold, like the 
common box, and is injured when the tempera- 
ture falls as low as 14° F (-10° C). This beauti- 
ful, vivid green, nearly thornless shrub deserves 
careful trial as a substitute for the common box 
for hedges in warm-temperature and subtropical 
climates. 

This form seems to arise by mutation from 
the mother species. As might be expected, inter- 


Table 3-2 
CONCENTRATIONS OF BORON IN LEMON AND SEVERINIA LEAVES (DRY WEIGHT) AFTER 
GROWING FOR 22 MONTHS IN SAND CULTURES SUPPLIED WITH NUTRIENT 
SOLUTION CONTAINING 2, 4, AND 6 PARTS PER MILLION OF BORON 


Boron in Culture Solution (ppm) 





Plant 2 4 6 
Boron in Leaves, Dry Weight 
ppm Pp ppm 
Eureka lemon on own roots 
Can: SB-12 4B 13 i5isicsecssccclssdessas diate ee tS liaideectdov 637 1065 Dead 
BS sic aces5 ied ei cissces dacerSees at eicteat teeta crsce eosin ed Dates 19400 
Eureka lemon on box-orange roots 
Can: 2B-10, 4B-10, @B-10........-.ccccseecsessesseeeseesssesessecces cesses 223 283 517 
Lisbon lemon on box-orange roots 
Can: 2B-13, 4B-13, 6B-12.........0. cee cee eeeteeecesesesneeeeeees 253 397 457 
Box-orange on Eureka lemon roots 
Can: 2B-10, 4B-1O......c.sessssssesscccesccsssssescesssvessssssusenscseneseesesaae 528 BIE Fuses, 
Box-orange on own roots 
Can: GBel lls .s1s ste eee eee i 390 
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mediate forms occur as, for example, the one 
shown in figure 3-18, which has some nearly 
thornless branches and others with long spines 
borne on the same plant. Even the typical torms 
of this mutation are usually not entirely thornless 
but have short, slender spines that are, however, 
so completely hidden under the very abundant 
leaves that the spines are scarcely felt when a 
branch is touched. Doubtless by careful selec- 
tion superior, dense-leaved, thornless forms of 
this variety can be developed that will be of high 
ornamental value. 

2. Severinia disticha (Blanco) Swing. Jour. 
Wash. Acad. Sci. 28:533. 1938. Limonia disticha 
Blanco, FI. Filip. 356. 1837; L. corymbosa Bl. F'. 
Filip. ed. 2. 251. 1845; Sclerostylis nitida Turcz. 
Bul. Soc. Nat. Mosc. 31:249. 1858; Atalantia nitida 
Oliv. Jour. Linn. Soc. 5 (Suppl. 2): 25. 1861; A. 
disticha (Blanco) Merr. Phil. Gov. Lab. Bur. Bul. 
27:28. 1905. : 


Type.—Wanting. Substitute type: Luzon (Merrill, 
Species Blancoanae, No. 594). Herb. Bur. Science, Manila. 

Distribution.—Philippines: Luzon to Mindanao 
islands; Sabah (North Borneo): Banguey Island. 

Common name.—Philippine box-orange. 

Young twigs angular, sometimes with scan a 
pubescence soon glabrous and terete, sometimes gaia 
ently glabrous from the beginning; twigs spineless but 
occasionally with paired, slender, sometimes pubescent, 
spine-like paraphylls rarely pam the petioles in length; 
leaves 3-8 (rarely 10-11) cm long by 2.54 (rarely 1.5-2) 
cm wide, oval, ovate-lanceolate or sometimes fusiform, 
acuminate or acute at the apex, acumen often blunt and 
frequently emarginate, narrowed gradually into a cuneate 
base which merges into the petiole, margin subentire 
sometimes slightly crenulate and frequently wavy in dried 
specimens, lateral veins visible above but slightly more 
prominent below, extremely numerous, parallel, straight, 
occasionally showing 15-20 pairs, arising at an angle of 
55°-60° with the midrib; petioles 3-9 (usually 6-8) mm 
long, flattened above with a furrow made by the decur- 
rent margins of the leaf, sometimes pubescent, sometimes 
almost glabrous, especially on the under side; inflores- 
cences many-flowered, axillary or rarely terminal racemes, 
3-6 cm long (rarely 8-9 cm long, and much branched); 
pedicels slender, 3-5 mm long, with minute bractlets at 
their juncture with the peduncle; both peduncles and 
sea pubescent; calyx  ianbsti sepals 5, imbricate, 

roadly rounded, margins ciliate; petals 5, 3.5-4.5 mm long, 

2-3 mm wide, oblong or obovate; stamens 10, nearly as 
long as the petals, filament flattened, broad, free, antics 
short, small, ovate; ovary subglobose, small (1.5-2 mm 
long), 2-locular, with 2 large glands at apex, 1 over each 
locule; disk cupulate, partly enclosing the base of the 
ovary; style as long or longer than the ovary, stigma 
ovoid, slightly broader than the style; fruits subglobose, 
6-8 mm diam. when mature, peel yellowish-green, with 
many ree, translucent oil glands, 0.5-0.75 mm diam.; 
seeds thick, monoembryonic, testa exceedingly thin, em- 
bryo olive-green when dry and covered with numerous 
minute oil glands, 0.1 mm diam. 
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This species, very abundant in the north- 
ern Philippine Islands, is so like the box-orange, 
S. buxifolia, that when it was found the latter 
could be used successfully as a rootstock for 
Citrus tests were also made with S. disticha. It 
was found to serve as a rootstock almost as well 
as the box-orange and, like it, to be resistant to 
amounts of boron in the soil moisture that would 
be injurious to Citrus grafted on the commonly 
used rootstocks belonging to the genus Citrus. 
Swingle made these tests over thirty years ago 
in a greenhouse at Washington, D.C. by water- 
ing potted seedling plants of Citrus, Severinia, 
and other genera of the orange subfamily with 
water containing 2 ppm of boron. Because of 
evaporation from the soil and transpiration from 
the plant, the boron accumulated in the soil 
rather rapidly and soon the Citrus seedlings 
showed the characteristic yellowish-green mot- 
tling of the leaves, followed by severe injury 
and even death. The seedlings of Severinia buxi- 
folia and S. disticha remained healthy for many 
weeks after those of the Citrus ies showed 
severe injury. Severinia disticha has fruited freely 
in Miami, Florida. 

3. Severinia linearis (Blanco) Swing. Jour. 
Wash. Acad. Sci. 28:533. 1938. Limonia linearis 
Blanco, Fl. Filip. 357. 1837; Atalantia linearis 
Merr. Phil. Jour. Sci. 1 (Suppl. 3):200. 1906. 

Type.—Wanting. Substitute type: Luzon, Rizal 
Prov. (Merrill, Species Blancoanae, No. 746). Herb. Bur. 
Sci., Manilla. 

Distribution.—Philippines: Luzon Island. 

Common name.—Narrow-leaf box-orange. 

Merrill's description of Atalantia linearis reads as 
follows: “A shrub 1 to 3 m high. Branches light gray, gla- 
brous, the young branchlets greenish, pubescent or 
puberulent, terete. Leaves alternate, linear to narrowly lin- 
ear-oblong, or linear-lanceolate, glabrous, shining, coria- 
ceous, 2 to 7 cm long, 3 to 10 mm wide, the base acute, 
the apex blunt, retuse, entire, the margins often somewhat 
recurved, the midrib prominent, the lateral nerves numer- 
ous, scarcely more distinct than the dense reticulations; 
petioles labia: or pubescent, 3 mm long or less. Inflor- 
escence of terminal and axillary panicles, 3 to 5 cm long, 
pubescent, the branches short, few-flowered. Flowers 
white, short-pediceled, and 6.5 mm long. Calyx short, 
regularly 5-lcbed, the lobes imbricate, broadly suborbic- 
ular, rounded, about 2 mm long, 2.5 mm wide, pubescent, 
the margins ciliate. Petals 5, free, oblong, the apex 
rounded, 6 to 6.5 mm long, and 3 mm wide, somewhat 
narrowed at the base. Stamens 5 [10]; filaments broad, 4 
mm long; anthers about 1.4 mm long. Ovary glabrous, 3- 
celled, sessile, the disk shallow. Fruit glabrous, globose, 
white, glandular-punctate, about 8 mm in diameter. .. . 

“On cliffs and boulders at an altitude of about 40 
m along the river, frequently in situations submerged at 
high water associated especially with Eugenia mimica 
Merr., and sometimes with Homonoya riparia Lour....A 
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species at once recognized by its very narrow leaves, 
which are retuse at the apex. Blanco’s original description 
of this species is very short, his material being from the 
Island of Maricaban, Province of Batangas, Luzon, flow- 
ering in the month of July. In this description he states 
that the leaves are minutely serrate, probably from the 
fact that in specimens with recurved leaf margins, the 
slightly raised veins on the upper surface appear like mi- 
nute teeth. The note following the description of the spe- 
cies in the first edition of the Flora de Filipinas is ex- 
cluded in the second, this note referring to a similar form 
observed by Blanco in the Province of Bulacan, Luzon. 
I am of the opinion that the form here described is identi- 
cal with Blanco’s Limonia linearis, and accordingly his 
specific name is adopted and the species is redescribed 
under Atalantia.” 

This curious species is apparently a satel- 
lite species derived from S. disticha that has be- 
come adapted to growing in situations exposed 
to flooding. Perhaps the narrow leaves resist the 
tearing action of flood waters rushing down nar- 
row valleys. The lateral veins of the leaves run 
less regularly parallel than those of the leaves of 
S. disticha. Perhaps this, too, is an adaptation 
to prevent splitting of the leaves by rushing 
waters. 


Extreme specimens of S. linearis are easily. 
distinguished by the narrow leaves, but broad- 
leaved forms are hard to distinguish from narrow- 
leaved forms of S. disticha. A broad-leaved speci- 
men of S. linearis (coll. by M. P. Sulit, April, 1926; 
Tanaka’s ident. No. C-305, Forestry Bur., No. 
30320, Herb. Univ. Calif.) has leaf blades meas- 
uring 9 to 11 cm in length, and 1.5 to 2 cm in 
width! However, the venation of the two species 
differs slightly, lateral veins of S. linearis running 
more irregularly and distinctly less parallel than 
those of S. disticha. It is possible that natural 
hybrids may be in play here. 

4, Severinia paniculata (Warb.) Swing. 
Jour. Wash. Acad. Sci. 28:533. 1938. Atalantia 
paniculata Warb. Bot. Jahrb. 13:340. 1891; A. 
maritima Merr. Phil. Jour. Sci. Bot. 9:293. 1914; 
A. disticha var. paniculata Tan. Jour. Arnold 
Arbor. 9:141. 1928. 

Type.—Ceram Laut (Warburg, No. 20132). Herb. 
Bot. Mus., Berlin-Dahlem. 

Distribution.—Moluccas: Kei Islands, Ceram 
Laut; southern Philippines: Mindanao, Negros, and Panay 
islands; North Borneo (Sabah): Biak; Sumbawa and Java 
(fide Tanaka, 1928c, p. 141). 

Common name.—Bouquet box-orange. 

Warburg’s original description of this species 
reads in translation as follows: “A shrub with gray-pubes- 
cent [termirfal] branches, soon glabrate, with yellow 
wood; leaves oblong-ovate, obtuse or emarginate at the 
apex, margin obscurely crenulate; petioles short, pubes- 
cent, nearly tercte; inflorescences terminal, paniculate, 
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pubescent, pedicels short; calyx 5-lobed, lobes pubescent 
and ciliate, subtruncate at the tips; petals nearly glabrous, 
lanceolate, obtuse; filaments long, glabrous, anthers 
broadly cordate; ovary with 4 locules; style deciduous; 
fruits globose, with the calyx persistent, 2-4-seeded. The 
youngest twigs are reddish-yellow, the somewhat older 
twigs brown after the gray pubescence has fallen, often 
with a whitish bloom; the petioles are 8 mm long, the 
leaves 9-12 cm long and 3-5 cm wide, with a large num- 
ber of parallel veins of which some are more prominent, 
uniting near the margins in arches. The whole inflores- 
cence is 4-6 cm long, branched from the base, the flower 
sear are from 2-4 mm long, the calyx is about 2 mm 
ong, the piso 1 mm long, the petals and stamens 
are 4 mm long; the largest fruit of my specimen [War- 
burg, No. 20132] is 12 mm in diameter.” 

This species is easy to distinguish from the re- 
lated species because of its pubescence, its lack of thorns, 
and its terminal paniculate inflorescences. 


Severinia paniculata was discovered an 
Ceram Laut and Kei Islands in the Moluccas 
west of New Guinea growing on dry areas in 
the brush. Tanaka considered it to be identical 
with Atalantia maritima, growing in the southern 
Philippines, but Swingle could not follow him 
in making the species a variety of S. disticha, 
although it is closely related to that species. It 
differs in having larger leaves and smaller, panic- 
ulate rather than racemose inflorescences, and 
in having ovaries with four instead of two locules. 


5. Severinia retusa (Merr.) Swing. Jour. 
Wash. Acad. Sci. 28:533. 1938. Atalantia retusa 
Merr. Phil. Jour. Sci. 1 (Suppl. 4):200. 1906. 


Type.—Philippines, Palawan Island, Puerta Prin- 
cessa (Curran, No. 3609). Herb. Bur. Sci., Manila. 

Distribution.—Known only from the type locality. 

Merrill's original description of this species reads 
as follows: “A shrub about 3 m high, with oblong-ellip- 
tical-ovate, subcoriaceous, glabrous, strongly potiss leaves 
racemose inflorescences and 5- to 7-merous, the stamens 
10 to 15, free, the ovary 1-celled. Branches brownish- 
gray, glabrous, the branchlets green, glabrous. Leaves 5 
to 9 cm long, 2.5 to 4 cm wide, shining, broad at both 
ends, scarcely narrowed above, the base rounded; nerves 
numerous, anastomosing; petioles 8 mm long or less, the 
spines short or wanting. Racemes in the upper axils, 1.5 
cm long in anthesis, densely flowered, puberulent. Calyx 
lobed, the teeth 5 to 7, short, broad, regular, their margins 
ciliate, obtuse. Petals 5 to 7, glabrous, oblong, obtuse, 
5 to 5.5 mm long, 2.5 mm wide. Stamens 10 to 15, un- 
equal, the filaments free, 2.5 to 3.5 mm long, anthers 
broadly ovate, slightly exceeding 1 mm in length. Ovary 
oblong, glabrous, 1-celled, 1-ovuled; ks much shorter 
than the ovary, including the stigma about 1 mm long. 
Disk thickened, ring formed. Fruit (immature) ovoid, gla- 
brous. 

“A species apparently related to Atalantia disticha 
(Blanco) Merr., differing from the latter in its leaves not 
being narrowed above, and in its flower characters. In 
some cases a very rudimentary second cell was observed 
in the ovary, showing that the species is perhaps some- 
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times with 2-celled ovaries. The very short style is another 
character, as well as the variable number of calyx teeth, 
petals and stamens. In other species of the genus the 
ovary is from 2- to 5-celled, the petals and calyx teeth 3 to 
5, and the style equalling or longer than the ovary.” 

This species is described as having an 
ovary with only one locule, but a specimen in 
the National Herbarium at Washington, sheet 
No. 439318, from Palawan (J. Bermejos, Bur. Sci., 
No. 195), shows ovaries with two locules. Penzig 
(1887, p. 158) reported finding, very rarely, ova- 
ries of S. buxifolia that were “monocarpellate 
without the slightest trace of a second ovarial 
follicle.” A specimen of Atalantia maritima (con- 
sidered by Tanaka [1932e, p. 426] to be a syno- 
nym of S. paniculata) in the National Herbarium 
at Washington, sheet No. 1294389, from Zam- 
boanga, Mindanao Island, P.I. (A. Lomente, For- 
estry Bur., No. 25288), shows only a single carpel 
in the ovary and a single stylar canal. Three of 
the typical species of Severinia occasionally (or 
regularly) show only a single locule in the ovary 
and probably the other closely related species, 
S. paniculata, may occasionally show a hypomer- 
ous or even a monocarpellate gynoecium."! 


SPECIES OF UNCERTAIN RELATIONSHIPS 


6. Severinia lauterbachii Swing. Jour. 
Wash. Acad. Sci. 28:533. 1938. Atalantia litoralis 
Lauterb. (non Guill.) Nova Guinea 14:146. 1924. 


Type.—Northwestemn New Guinea [West Irian, 
Indonesia], Schouten Islands, Biak, near Warsa (Lat. 2° 
S., Long. 137° E.), growing on coral limestone strand 
(Feuilleteau de Bruyn, No. 320). Herb. Bot. Mus., Berlin- 
Dahlem. 

Distribution.—Known only from the type locality. 

Common name.—Triangle-fruit severinia. 


The original description, translated, reads as fol- 
lows: “Small tree, about 4 m high, with slender, flattened, 
eaaiie twigs, 4 mm thick. Leaves elliptic or broadly 

nceolate, subacutely rounded at the apex, sometimes 
emarginate or subacute, base subacute, margins obscurely 
crenulate, 12-16 cm long, 6-8 cm wide, coriaceous, gla- 
brous above and below, lateral veins 16, obliquely sub- 
cae curved and anastomosing near the margin, vein- 
ets subparallel, reticulate, when dry more prominent 
below like the midrib; petiole flattened on upper surface, 
6-7 mm long. Inflorescences axillary, paniculate, many- 
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flowered, 3-6 cm long, small branchlets minutely pubes- 
cent. Flowers pedicellate, pedicels 3-4 mm long; buds 
obovoid; calyx 5-lobed, lobes rounded, ciliate, 1 mm 
long; petals 5, oblong, rounded, white, glandular, gla- 
brous, margins subpellucid, 5 mm long, 1.5 mm wide; sta- 
mens 10, 5 of them shorter, 3 or 5 mm long, both [lengths] 
connate at the base, filaments dilate, glabrous anthers cor- 
date, about 1 mm long; disk short, 10-crenulate; ovary 
triangular, each angle crowned with a large gland, 3-locu- 
lar, 1.3 mm long; style clavate, 2 mm long, stigma decur- 
rent, somewhat 3-lobed.” 

This species was said by Lauterbach to 
differ from Atalantia paniculata Warb. (here S. 
paniculata) in having much larger leaves and 
larger flowers with triangular ovaries, each hav- 
ing three locules. The term “10-crenulate” ap- 
plied to the disk of this species probably indicates 
that it is cupulate (as in other species of Sev- 
erinia), but in drying it has become separated 
from the base of the ovary and acquired a wavy 
margin. It is possible that this curious species 
does not belong to the genus Severinia, but it is 
impossible to place it with certainty until the 
flowers and fruits are better known. 


Merope angulata, widely distributed in 
tidal swamps, also has triangular (sometimes 4- or 
5-angled) fruits (see p. 259), but it has very large 
seeds, stout paired spines in the leaf axils, an 
ovary with two to four pendent ovules in each 
locule, and a cylindric disk definitely not cupu- 
late or 10-crenulate. Merope angulata is prob- 
ably very different from S. lauterbachii, although 
the latter species is also a strand plant with 
triangular fruits. 


This species was named Atalantia litoralis 
by Lauterbach in 1924, but this name was pre- 
occupied by Atalantia littoralis (Miq.) Guill., a 
new combination made eleven years previously 
by Guillaumin (1913, p. 441) when he transferred 
Paramignya littoralis Miquel to the genus Ata- 
lantia. The variation in spelling, litoralis or lit- 
toralis, does not make these names distinct, as 
these are merely variant spellings of the same 
Latin adjective. Lauterbach’s specific name, there- 
fore, has no standing and must be supplanted by 
the new name which is used here. 


11 A curious ay was described under the name Lamiofrutex by C. Lauterbach (Nova Guinea 14:147 [1924]) 


as a Rutaceae of dou 


tful position because no fruits were known. This plant is very distinct from any other genus of 


the Aurantioideae because (1) the ovules (single in the unilocular ovary) are erect; (2) the leaves have very few lateral 
veins, have wavy margins, are decurrent at the base, and are somewhat shining below; (3) the stems are very slender, 
creeping and rooting, sparingly branched; and (4) its habitat is in the fog forest at 1,420 to 1,450 m altitude. 

The authors have omitted it from the Aurantioideae, although it was included by Engler (1931, p. 330) imme- 
sai hed Atalantia (used by him in a broad sense) in his last treatise on the Rutaceae. A photograph of the type speci- 


men, 
those of any species known in the orange subfamily. 
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indly sent Swingle by the Director of the Botanical Museum at Berlin-Dahlem, shows leaves very different from 
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XV. Pleiospermium (Engl.) Swing. 


XV. Pleiospermium (Engl.) Swing. Jour. 
Wash. Acad. Sci. 6:426. 1916. Limonia Sec. Pleio- 
spermium Engler, Die Nat. Pflanzenfam. 3(4): 
189. 1896. 

Type species.—Limonia alata Wt. & Arn.=Pleio- 
spermium alatum (Wt. & Am.) Swing. 

Distribution.—Southern India, Ceylon, Sumatra, 
Java, Borneo. 

Common name.—Orangeasters. 


Small trees; twigs with 1 or 2 spines in the axils 
of the leaves or unarmed; leaves 3-foliolate, 2-foliolate, 
or 1-foliolate, margins entire; petioles narrowly winged or 
nearly wingless (broadly winged in P. latialatum); inflor- 
escences axillary or terminal panicles of few-flowered 
groups of flowers ee in the axils of the leaves; flowers 
12-24 mm diam.; calyx 4-5-lobed, sepals deltoid or 
lanceolate-acuminate (in P. longisepalum, long, strap- 
shaped, persistent, reflexed); petals 4 or 5, oblong or 
linear-oblong, rounded at the tips, 6-12 mm long; sta- 
mens 8 or 10 (twice as many as the petals), filaments free, 
glabrous; anthers oblong or linear-oblong; pistil subses- 
sile or short-stalked; disk cupulate, enclosing base of ovary 
for 0.5-0.8 mm; ovary cylindric or ovate, with 4-5 
locules, ovules 2 in each locule; style slender or thick, not 
sharply delimited from the Dat ending in a more or less 
capitate stigma with 4 or 5 stylar canals, with 2 small oil 
glands between each baal fruit globose or oblong, 20-30 
mm diam., with slender rudimentary pulp-vesicles, 2-10 
mm long, that are more or less corticated and show more 
or less icistectation of the contents into an oily or resin- 
ous mass as the fruits ripen; seeds about 1 cm long, flat- 
tened. 


This genus includes some of the most puz- 
zling species of the subtribe Citrinae. These 
species have been referred to several different 

enera, usually with a question mark! None have 

een examined thoroughly in the living condi- 
tion and it is very desirable that a study be made 
of the structure of the fruit and in particular of 
the peculiar pulp-vesicles, which at some stages 
of their development have very much the appear- 
ance of stalked oil glands. 

The two always unifoliolate species from 
northeastern Borneo, P. longisepalum and P. latia- 
latum, and the one from Sumatra, P. sumatranum, 
are somewhat like Atalantia in appearance, but 
differ in having b haer eee ey winged petioles 
plainly articulated with the leaf blade, as in the 
two other species of Pleiospermium which have 
tri-, di-, or unifoliolate leaves. The very curious 
new genus Burkillanthus has a marked super- 
ficial resemblance to Pleiospermium in its leaf 
characters but differs widely in its fruits. It is 
probably a large-fruited form derived from a 
Pleiospermium-like ancestor. It is remotely pos- 
sible that Citrus itself may prove to be another 
large-fruited genus derived from a remote an- 


Google 


THE CITRUS INDUSTRY 


cestor much like some of the existing species of 
Pleiospermium. The anomalous trifoliolate leaves 
of Poncirus, with winged articulated petioles, 
unique among the True Citrus Fruit Trees, may 
Pee be explained as a reversion to the tri- 
oliolate leaves found in the two more primitive 
species of Pleiospermium, occasionally in P. du- 
bium and regularly in P. alatum. 

The pulp-vesicles in the genus Pleiosper- 
mium, although very primitive in comparison 
with those of Citrus, show a very interesting 
series of stages in the evolution of these unique 
and taxonomically highly important organs. In 
P. dubium the pulp-vesicles are long-ovoid or 
cylindrical, each with a very distinct tissue sur- 
rounding a definitely limited central body that 
looks very much like a rutaceous oil land, and, 
like such an oil gland, degenerates at length into 
a granular, apparently structureless mass of oily 
or resinous (?) substance. In P. sumatranum the 
pulp-vesicles are short, only about 1 to 2 mm 
long, with blunt tips, and also are plainly corti- 
cated. The central mass of cells breaks down into 
an ee Sa mass that looks much like that 
of an oil gland in the immature peel of a citrus 
fruit. The pulp-vesicles of this a par seem to 
secrete a liquid that fills the locules of the fruit 
and hardens on drying to a dark reddish-brown, 
brittle, resinous mass. In the two Bornean spe- 
cies, P. longisepalum and P. latialatum, the pulp- 
vesicles are longer than in P. dubium and much 
longer than in the similar-looking P. sumatranum, 
and are of a slender conical shape often ending 
in a sharp point at the apex. Their cortical tissue 
is much thinner than in P. dubium and less 
clearly cellular. The constituents do not break 
down so completely. The pulp-vesicles of these 
two species are more like those of Citropsis and 
Atalantia but have smaller bases not so deeply 
sunken into the dorsal wall of the locule. The 
series of pulp-vesicles in the different species of 
Pleiospermium connect with the still more highl 
developed pulp-vesicles of Limnocitrus, whi 
are no longer conical but are definitely fusiform 
and do have a very short stalk. 

Perhaps no other genus of the orange sub- 
family is of greater interest than Pleiospermium 
in throwing light on the origin and development 
of the unique and highly specialized pulp-vesicle 
organs which are found only in the subtribe Cit- 
rinae, and which reach their highest specializa- 
tion in the genus Citrus, giving the delicious 
flavor characteristic of its cultivated varieties. It 
would be desirable to study the development of 
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the pulp-vesicles in Pleiospermium and the re- 
ei genera Limnocitrus and Burkillanthus from 
living material. 

The discovery of three species of Pleio- 
spermium having unifoliolate leaves greatly re- 
sembling those of Citrus in shape, size, color, and 
texture brings them and their trifoliolate con- 
geners into prominent notice as possible persist- 
ing representatives of ancient ancestral forms in 
the descent of Citrus. Like the living species of 
Citropsis in tropical Africa, the species of Pleio- 

ermium show all stages in the origin of uni- 
foliolate leaves from trifoliolate leaves (or pin- 
nate leaves in Citropsis), something that without 
doubt occurred, ages ago, in the development of 
Citrus. A key to the species of Pleiospermium 
is presented below. 


1. Pleiospermium alatum (Wt. & Arn.) 
Swing. Jour. Wash. Acad. Sci. 6:428. 1916. Limo- 
nia alata Wt. & Am. Prodr. 1:92. 1834. Illus. 
Wight, Ill. Ind. Bot. 1: pl. 41. 1840; Beddome, 
Fl. Sylv. pl. 7, fig. 3 (1-9). 1871. 


Type.—Southwestern British India, “foot of the 
Neelgherries,” Madras State (Wight, No. 324). 


Distribution Western peninsular India: Madras 
State; Ceylon. 


Common name.—Ceylon orangeaster. 


Small trees with glabrous branchlets, sometimes 
with a single stout, straight spine up to 25 mm long at the 
side of the bud in the axil of the leaf, sometimes spineless, 

cially the fruiting branches; leaves 3-foliate (rarely 
2- or 1-foliolate); lateral leaflets much smaller, all leaflets 
rather thick, glossy above, finely netted-veined beneath, 
lateral veins slender, not very conspicuous, making a very 
wide angle with the midrib, margins entire, the apex ob- 
tuse or subacute, rarely acuminate, bluntly nel at the 
very tip, often emarginate, the leaflet blade abruptly nar- 
rowed to a cuneate base; petiole variable, 25-38 mm long, 
narrowly winged, articulated with the blade; inflores- 
cences in clusters in the axils of the leaves or in terminal 
much-branched hoary panicles; flowers small, about 12- 
15 mm diam., 4-5-merous, pedicels rather short, finely 
pubescent; flower buds cylindric, rounded at the tip, more 
or less pubescent; calyx small, 4-5-lobed, sepals deltoid, 
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finely passant petals sige or ovate, obtuse, entire, 
sparingly covered with fine pubescence without; stamens 
free, 8 or 10 (twice as many as the petals), filaments free, 
anthers large, erect, linear-oblong; pistil subsessile, seated 
on a low cupulate disk which clasps the base of the ovary 
for 0.5-0.8 mm; ovary obovoid, alabrous 3.5-4.2 x 1.6- 
1.8 mm, 4-5 locular, with 2 ovules in each locule; style 
slender, gradually merging with the tip of the ovary and 
capped by a slightly thicker, sababshoes stigma; fruits 
globose, 2.3-2.5 cm diam., like small oranges in appear- 
ance, the segments each containing 1 or 2 seeds sur- 
rounded with an aromatic, mucilaginous fluid, peel rough, 
dotted with numerous oil glands, seeds ovate, somewhat 
flattened, with a hard, smooth testa. 


This species occurs rather commonly in 
the hot dry parts of southern India and Ceylon. 
The fruit is said to be very bitter; the wood is 
hard and heavy, yellowish, even-grained. The 
leaves have a strong lemon odor when crushed. 

2. Pleiospermium dubium (BI.) Swing. 
Jour. Wash. Acad. Sci. 6:429. 1916. Limonia ? 
dubia Blume, Bijdr. Fl. Nederl. Indie 1:133. 1825; 
Paramignya blumei Hassk. Tijdschr. Nat. Gesch. 
10: 137. 1843. 

Type.—Java, Kuripan (Blume), Rijks Herb., Lei- 
den (sheet No. 908203-1318). 

Distribution.—Java. 

Common name.-—Java orangeaster. 

Twigs angular when young, with straight, sha 
de 2-2.5 mm long, 1 or 2 in the axils of each leaf, 
older twigs often spineless; leaves 1-, 2-, or 3-foliolate; 
leaflets thin, elliptical, cuneate at the base, acute or acumi- 
nate at the apex, the very apex often blunt, or emarginate, 
the middle leaflet (or single leaflet) 7-9.5 x 2-3.6 cm, 
with 8-12 faint veins visible on both surfaces on each 
side; petioles 7-22 mm long, narrowly winged above but 
nearly wingless at base, plainly articulated at both ends; 
flowers in short, 5-15-flowered, axillary racemes; ovary 
obovoid, hirsute, 2-2.8 x 1.2-1.7 mm, borne on a cylin- 
drical gynophore somewhat like that of Paramignya or 
Merope; fruits with rudimentary pulp-vesicles arising from 
the ovary wall, elongate-ovoid or irregularly conical, 2.5- 
3.5 mm long, 0.4-0.6 mm broad at the base, completely 
covered with a cellular cortex which connects at the base 
with the dorsal wall of the locule but is not usually im- 
bedded in it and never deeply imbedded; mature fruits 
subglobose, 2-2.5 cm diam. 


KEY TO THE SPECIES OF PLEIOSPERMIUM 
A Leaves 2- or 3-foliolate, rather thin, rarely 1-foliolate; sepal lobes short (2-4 mm) and broad, fused at the base into 
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This species, known only from Java, is of 
great interest from the fact that, because of its 
leaves, which have from one to three leaflets, it 
serves to connect the usually trifoliolate Indian 
species, P. alatum, with the unifoliolate species, 
P. sumatranum, P. longisepalum, and P. latiala- 
tum, which all have leaves remarkably like those 
of Citrus. This is true also of the unifoliolate 
leaves of P. dubium. 

The pulp-vesicles of this species are each 
sharply divided into a cortical layer, composed 
of rather small cells, and a central portion made 
up of larger cells which finally disintegrate into 
a spongy mass, oily or resinous (?) in nature, 
which looks much like the contents of the oil 
glands in the peel of the young fruit (see p. 290). 

Blume’s type material was collected on 
“limestone hills near Kuripan, Buitenzorg Prov.” 
in Java, but neither flowers nor fruits were men- 
tioned by him. The type specimen in the Rijks 
Herbarium at Leiden, No. 908203-1318, and a 
cotype specimen in the herbarium of the Museum 
of Natural History at Paris both show trifoliolate 
leaves; the Leiden branch has paired axillary 
spines as described by Blume, the Paris speci- 
men is spineless. 

Plants of P. dubium cultivated in the Bo- 
tanic Garden at Buitenzorg (now Bogor), Java, 
have flowered and fruited for many years. Dried 
herbarium specimens from these trees were dis- 
tributed by B. P. G. Hochreutiner, as No. 111 in 
his Plantae bogorienses exsiccatae, about 1904 
(this number is found in the Kew Herbarium and 
also in the Paris herbarium). On his printed label 
Hochreutiner stated: “This plant is without any 
doubt the original of Hasskarl[’s Paramignya 
blumei]” (Swingle, 1916b, p. 429). Herbarium 





Fig. 3-19. Pleiospermium sumatranum. Cross-section of 
type fruit from Sumatra, in Leiden herbarium. Shows 
short, blunt pulp-vesicles. 
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specimens from these Buitenzorg plants are pre- 
served in the herbarium of the Bureau of Science 
at Manila and in the National Herbarium (sheet 
No. 448333) at Washington. From them were 
taken the flower and fruit characters given in 
the description above. 


Pleiospermium dubium is a small tree or 
shrub, attaining a height of about 4 meters. The 
inflorescences were said by Koorders (1912, p. 
426) to be 5 to 15-flowered, short, axillary ra- 
cemes. This plant has probably the most poly- 
morphic foliage of any species of the orange 
subfamily. It often has branches bearing only 
trifoliolate leaves and others with exclusively 
unifoliolate leaves. However, sometimes trifolio- 
late and unifoliolate leaves are disposed hit-and- 
miss on a branch. Some trifoliolate leaves develop 
only one of the side leaflets. 

This species and Citropsis gabunensis of 
tropical West Africa (see p. 310), which has 
almost equally sa hai i leaves, offer excellent 
material for a study of the critical evolutionary 
stages passed through ages ago by the remote 


ancestors of Citrus. 


3. Pleiospermium sumatranum Swing. Jour. 
Arbor. 20:260. 1939. Illus. Swingle, loc. cit. pl. 3, 
figs. 3, 4; fig. 3-19 this work. 


Type.—Sumatra, Paanus (?) (Korthals, No. 960). 
Rijks Herb., Leiden. 


Distribution—Known only from Korthals’ collec- 
tions, probably from a single locality. 


Common name.—Sumatra orangeaster. 


Shrub or small tree; twigs cylindrical, slender (1- 
2 mm diam.), brownish-gray (in dried herb. spec.), fruit- 
ing twigs spineless, internodes 2-3 cm long; leaf blades 
broadly lanceolate, 8-17 cm long, 5-8 cm wide, acumi- 
nate at apex, acumen about 9-13 mm long, often curved 
slightly to right or left, 3-4.5 mm wide at base, but at 
the very tip 1.5-2 mm wide, blunt or slightly emarginate, 
base cuneate (angle 75°-85°), blade 10-16 x 5-6.5 cm, 
ae 18-20 mm long, winged above, 3.5-6.5 mm wide, 
ut wingless for 4-5 mm up from attachment at base, 
lateral veins 10-12 but of unequal prominence, some 
strongly elevated above the lower surface, others faint and 
not prominent, making angles of 60°-75° with the mid- 
rib, margins entire, very faintly undulate, oil glands very 
numerous, evenly spaced all over the blade, 0.2-0.5 mm 
poe plainly visible below, almost invisible above, peti- 
oles 10-20 mm long, 3-7 mm wide, winged at top, wing- 
less at base; inflorescences axillary, simple or rately bifur- 
cate, apparently sometimes terminal on short lateral twigs; 
pedicels of nearly ripe fruits 1-1.5 cm long, 2-3 mm 
wide; flowers unknown; calyx with 5 acute lobes, 1-2 mm 
wide and 2-2.2 mm long, minutely pubescent below, mar- 
gins sparingly short-ciliate; fruits subglobose, 18-20 mm 
diam., with 3 locules lined with a dense layer of short 
pulp-vesicles, 1-2 mm long, 0.4-0.7 mm wide, peel with 
numerous oil glands 1.5-1.8 mm thick. 
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This species of Pleiospermium has remark- 
ably small pulp-vesicles lining the dorsal walls 
of the three locules of the fruit. The pulp-vesicles 
are very numerous, ovoid, bluntly rounded at the 
tip, 1 to 2 mm long, 0.4 to 0.7 mm wide, slightly 
narrowed at the base but not imbedded in the 
locule wall, cortex very thin, composed of in- 
distinct cells, contents sharply delimited from 
the cortical layer and soon breaking down into 
a spongy mass of oily or resinous (?) matter look- 
ing almost exactly like the contents of the oil 
glands in the peel of the fruit (see fig. 3-19). 
Apparently these very small pulp-vesicles secrete 
a translucent liquid that completely fills the 
locules of the fruit. In dried herbarium specimens 
this liquid hardens to a dark reddish-brown, 
resin-like mass that splinters when struck a sharp 
blow. 

This Sumatran species of Pleiospermium 
and its two close relatives from Banguey Island 
and Borneo, P. longisepalum and P. latialatum, 
all have leaves very similar to those of Citrus 
except for the more or less acuminate leaf tips. 

A fungus, found on the fruits of the type 
specimen, was identified by Bitancourt and Jenk- 
ins (1938, p. 388) as a species of Elsinoé much 
like the scab fungi, E. fawcettii and E. australis, 
that attack Citrus. 

4. Pleiospermium longisepalum Swing. 
Jour. Arnold Arbor. 20:259. 1939. Illus. Swingle, 
loc. cit. pl. 3, fig. 5. 

Type.—Banguey Island (off northeastern point of 
Borneo) (Castro and Melegrito, No. 1348). Herb. Natl. 
Arbor., Washington, D.C. (sheet No. 45800). 

Distribution —Known only from the type collec- 


tion and from Castro and Melegrito, No. 1713, from the 
same locality. 


Common name.—Banguey Island orangeaster. 


A small tree or shrub, fruiting twigs angular, 2-3 
mm diam., straight, glabrous, grayish-green, spineless, 
vegetative twigs at first angular then elindHe 2-3 mm 
diam., both vegetative and fruiting twigs with faint striae 
decurrent from the nodes; leaves L-fololate, leaf blades 
7.5-115 x 34.5 cm, elliptical with acuminate apices 
turned slightly to one side, but the actual tip (about 2 
mm wide) abruptly rounded or even slightly retuse, mar- 
gins entire, lateral veins weak, 8-10 iregulas pairs, with 
irregular reticulations between; petioles 10-14 mm long, 
clearly articulated with the leaf blades and with the twigs, 
winged, 3-5 mm wide at top, tapering into a wingless 
base constituting about 4-% the total length, wingless 
basal portion often twisted and apparently pulvinoid; 
flowers borne singly in the axils of the leaves but the tip 
of flowering branch merging into a racemose inflorescence 
with the leaves reduced or wanting; pedicels 20-25 x 
1.5-2 mm with several minute bracts bome singly, faintly 
striate longitudinally and gravish-green like the twigs; 
pedicels of sterile flowers persistent, very slender, 15-20 x 
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0.75-1 mm; sepals persistent, gray-green, strap-shaped, 9- 
12 mm long, 2 mm wide at the base, 0.5-0.8 mm wide at 
the apex, which is bluntly rounded or slightly emarginate, 
straight and strongly reflexed below the ripening fruit, 
showing one median nerve on the inside, margins entire; 
fruits ovoid, tipped by the umbonate, persistent, ve 
short style-base, glabrous, gray-green, 20 x 15 mm, with 
3 locules, having 1 or 2 ovules in each locule; pul 
vesicles very rudimentary, 4-6 mm long (arising from the 
dorsal ovary walls and tapering gradually to a blunt 
point); peel thin (1.5-2 mm), gray-green, with numerous, 
slightly sunken, minute oil glands; seeds 1 or 2, about 
11 x 6 X 4mm, monoembryonic. 


This very curious plant was briefly noted 
by Merrill (1926, p. 377), who published Swingle’s 
observations made on a specimen of it and his 
own notes made shortly after its discovery. At 
first sight it seemed to be allied to Atalantia be- 
cause of its unifoliolate leaves. However, it does 
not have the well-developed, sessile pulp-vesicles 
characteristic of Atalantia but instead has rather 
rudimentary, corticate ones somewhat like those 
found in P. dubium. Then, too, its winged petioles 
are unlike any found in Atalantia, Severinia, or 
related genera, and are almost exactly like those 
of other species of Pleiospermium. The long, per- 
sistent, reflexed ligulate sepals are ra in the 
orange subfamily, although the evidently related 
species, P. latialatum, has similar sepals, persis- 
tent, cuneate, and partially reflexed, but shorter. 
The other three species of Pleiospermium have 
short sepals much like those of many other mem- 
bers of the subtribe Citrinae. 


5. Pleiospermium latialatum Swing. Jour. 
Arnold Arbor. 20:261. 1939. Illus. Swingle, loc. 
cit. pl. 3, fig. 6. 

Type.—North Borneo (Sabah), Tawao (Elmer, 
No. 21542). Herb. Amold Arbor., Harv. Univ., Cam- 
bridge. 

Distribution —Known only from the original col- 
lection. 

Common name.—North Borneo orangeaster. 


A small tree or shrub, ultimate twigs slender, 1-2 
mm diam., at first slightly angled, soon terete, very finely 
puberulent, more or less longitudinally wrinkled, nodes 1- 
1.8 cm long; spines lacking (at least on fruiting branch); 
leaves 1-foliolate, glabrous, shiny above, dull below, ob- 
long-elliptical or lanceolate, acuminate-caudate at apex, 
oak of acumen linear for 4-6 mm and 1.5-2 mm wide, 
ending abruptly with an emarginate tip, broadly rounded 
or very bluntly cuneate at the base; leaf blade 9-15 x 
3.7-7 cm, margins entire, lateral veins 10-13 pairs, arising 
at an angle of 70°-75° with the midrib, curving slightly 
toward leaf apex, oil glands small, very numerous; petioles 
(all detached) short, broadly winged, obcordate, 1.6-2.4 x 
1-2 cm. narrowed into a pulvinoid and minutely wrinkled 
terete base, 1-2 mm long, 1.25 mm wide with a narrow 
channel above formed by the decurrent wings; flowers, 
not seen, arising ds (?) at the tips of short axillary 
branches which bear leaves or bracts below; calyx puberu- 
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lent without, sometimes persisting under young fruits, 
lobes narrowly cuneate or somewhat rounded, apparently 
irregular in size, acute or rounded, 2-4 mm long, 2-5 mm 
wide, diverging merely at right angles to the pedicel 
under the young fruit; young fruits subglobose, 10-14 mm 
diam., glabrous, peel green, with numerous oil glands, 
slightly raised above the surface with a small central de- 
pression (crateriform); locules 3; pulp-vesicles conical, 
very slender, 3-4.5 mm long, acutely pointed, attached to 
the dorsal wall of the locule into which their bases are 
somewhat sunken, cortication very thin with indistinct 
cells, contents not degenerating to an oily or resinous mass 
as in P. dubium but showing axile droplets of oily sub- 
stance; seeds 2 or 3, large and plump. 

This remarkable species is known from a 
single collection from Tawau, in North Borneo 
(about 175 km southwest of Shibutu Island in 
Sulu Archipelago, psa Islands). It is ob- 
viously related to P. longisepalum but differs 
strikingly in its very broadly winged petioles, 
which are also relatively short, giving them a 
very pronounced obcordate outline. The sepals 
are sometimes (perhaps always) persistent under 
the developing Fruit, ut are only about half as 
long as those of P. longisepalum and are not 
completely reflexed, but stand out approximately 
at right angles to the general direction of the 
pedicel. Only young fruits were available for 
study but they show clearly that the a ale 
of this species, much like those of P. longisepa- 
lum, are very numerous, slender-conical in shape, 
and slightly immersed in the dorsal wall of the 
locule. The cortical layer of the pulp-vesicle is 
present but not strongly developed and appar- 
ently sometimes this cortex is so weak that the 
upper portion of the pulp-vesicle splits open as 
the fruit develops. This species has leaves that 
strikingly receanble those of Citrus in general 
appearance. 


XVI. Burkillanthus Swing. 


XVI. Burkillanthus Swing. Jour. Arnold 
Arbor. 20:255. 1939. 


cL peasanmlrmre rh ed malaccensis Rid]. = Burkil- 
tard censis (Ridl.) Swing.; from Malacca, Malay 
P. : 


Distribution —Malay Peninsula: Malacca; north- 
ern Sumatra: Asahan. 


Common name.—Burkillanthus or Malay ghost- 


Leaves 3-, 2,- or 1-foliolate; leaflets thin, with 
numerous strongly marked, subparallel, lateral veins; 
petioles variable in length, articulated, narrowly winged or 
sometimes merely margined, with pulvinoid bases; petiol- 
ules very short, pulvinoid; inflorescences, few-flowered 
clusters in the leat axils; flowers large, 5-merous with 10 
stamens; pedicels short, about the length of the styles; 
calyx deeply 5-lobed; petals 5, spathulate; ovary obcla- 
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vate, minutely and sparsely pubescent, mer. abru 
into the muc nove: style, which is aa bores 
the ovary, with 5 locules, each with 22-26 ovules ar- 
ranged in 2 rows; fruits very large, ovoid, more than twice 
as long as the petioles, with a thin peel dotted with nu- 
merous oil glands covering a thin, hard, woody endo- 
carp; pe sessile (not deeply counter-sunk) on 
the dorsal locule walls, very long, swollen near the base, 
then cylindrical, then tapering to an acute apex, corticate, 
with translucent inner core not breaking down into an 
oily or resinous (?) mass; seeds very large, with a thin, 
slightly wrinkled testa, immersed in mucilaginous gum 
and mingled with the collapsed rudiments of the pul 

Naina embryo single with light buff (not green) cotyle- 

ons. 

This strange plant seems to be an evolu- 
tionary freak of nature perhaps descended from 
some ancestral form more or less like a trifolio- 
late Pleiospermium such as P. alatum or a uni-, 
di-, or trifoliolate species like P. dubium. 

The pulp-vesicles of Burkillanthus are 
stalkless and somewhat resemble those of Pleio- 
spermium; however, they are very much larger 
and less obviously corticate, with a central core 
which does not disintegrate into an oily or 
resinous (?) mass resembling that of an oil gland. 
These pulp-vesicles of Burkillanthus seem to rep- 
resent a very interesting developmental stage 
about midway between the pulp-vesicles of Pleio- 
spermium and those of Clymenia, one of the True 
Citrus Fruit Trees. 

It is remotely possible that the curious, cav- 
ernous lining of the radial locule walls in Swing- 
lea may, upon study of fresh material, prove to 


Fig. 3-20. Burkillanthus malaccensis. Longitudinal sec- 
tion of pistil from the type specimen (Goodenough, No. 
1273), showing very numerous ovules in each locule. 
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be composed of still more primitive structures 
analogous to the pulp-vesicles of Burkillanthus. 
the pistil of B. malaccensis (see fig. 3-20) is ex- 
traordinarily like that of Swinglea glutinosa in 
size, shape, number, and arrangement of the 
ovules, et cetera, except that in Swinglea the 
ovary is hypermerous, having 8 to 10 locules (not 
five as in Burkillanthus) and oil glands occur in 
all parts of the pistil, including the stigma (see 
fig. 3-20). However, the fruits of Swinglea have 
a very different gross structure from those of 
Burkillanthus and the seeds of Swinglea are not 
smooth but are covered with flattened laciniate 
paleae. | 

Cockrell (1935) found that the wood of 
B. malaccensis, as it grows near Asahan, Suma- 
tra, is almost exactly like that of Micromelum 
pubescens (one of the Very Remote Citroid 
Fruit Trees), differing from it only slightly in 
texture and not showing any “reasonably con- 
stant basis for separation.” However, the wood 
of Burkillanthus differs decidedly from the wood 
of all the other genera of rutaceous plants, 16 
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in all, that he studied, including eight genera of 
the orange subfamily, viz: Glycosmis, Clausena, 
Murraya, Merrillia, Feronia, Aegle, Atalantia, and 
Citrus. He did not, however, have wood of 
Pleiospermium or of Swinglea to compare with 
that of Burkillanthus. 


Burkillanthus malaccensis (Ridl.) Swing. 
Jour. Arnold Arbor. 20:257. 1939. Citrus malac- 
censis Rid]. Fl. Malay Penin. 1:359. 1922. Illus. 
Swingle, loc. cit. pls. 2 (% nat. size, not nat. size) 
and 3 (figs. 1, 2); figs. 3-20 and 3-21 this work. 


Type.—Malay Peninsula, Malacca Territory, Ny- 
alas (Goodenough, No. 1273). Cotype: Malacca State, 
Bukit Sedanan (Derry, No. 1106). Both in Herb. Bot. 
Gard., Singapore. 

Distribution.—Malay Peninsula: Malacca; Suma- 
tra: Asahan. 

Common name.—Burkillanthus or Malay ghost- 
lime. 

A tree up to 14 m high, some branches with stout, 
straight, usually paired apie others < antag with 
leaves mostly 1- or 2-foliolate, rarely 3-foliolate; leaflets 
subcoriaceous but thin, broadly lanceolate or elliptic- 
lanceolate, acute or more or less acuminate at the tips, 
which are blunt at the very apex, terminal leaflets and 1- 





Fig. 3-21. Burkillanthus malaccensis. Left, type specimen showing fruit and one difoliolate leaf, from herbarium 
of the Singapore Botanic Gardens. Right, fresh mature fruit from the type locality showing pulp-vesicles and seeds 


filling the locules. 
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foliolate leaves variable in size, often large, 12.5-27 x 
4.5-11.5 cm, lateral leaflets much smaller, 6.5-8 x 34 
cm, with short, pulvinoid petiolules 2~2.5 mm long, lateral 
nerves (of larger leaflets) about 12-18 on each side arising 
at a very wide angle (70°-85°) with the midrib, running 
aibparallal and only slightly curved for % or % the dis- 
tance from the midrib to the margin, then branchin 
dichotomously, base broadly cuneate, articulated wi 
the petiole by means of a pulvinoid petiolule, margin sub- 
entire, very slightly coarse-crenate; petioles of the 2- or 
3-foliolate leaves 4-5 cm long, often narrowly winged (3- 
6 mm in total width) at apex, narrowing toward the base, 
often merely margined even at the apex; petioles of 1- 
foliolate leaves usually shorter, 1-3, rarely 4, cm long, 
sometimes almost wingless when short; inflorescences few- 
(usually 1-4-) flowered, axillary clusters, flowers large, 5—- 
6 cm diam., borne on pedicels 5-7 mm long; calyx of 5 
lanceolate-acuminate, acute sepals with large oil glands, 
free nearly to the base; petals 5, subspathulate, with oil 
glands in the broadened upper part, 20-25 mm long, 3.5- 
4.5 mm wide, tapering into a long slender base 1-1.5 
mm wide; stamens 10, filaments free, long, slender, an- 
thers rather small, oblong; ovary obclavate, 6.5-7 mm 
long, 2.5 mm diam. at the broadest part (about % the 
distance from the top of the disk to the base of the style, 
at a point shortly below the tips of the locules) and 1.8- 
2 mm diam. at the base, with 5 locules, each with 22-26 
ovules in 2 rows in the upper % of the locular cavity (see 
fig. 3-20), the entire ovary covered with short sparse pubes- 
cence and with a few small oil glands dotted over the 
upper half only; style slender, 5.5-6 x 0.5-0.7 mm, with 
small oil glands, glabrous, merging abruptly into the tip 
of the ovary without any definite demarcation, swelling 
gradually at the tip and surmounted by a depressed glo- 
hose stigma, 1 mm high, 1.6 mm wide, without oil glands; 
disk short, cylindrical, 0.6-0.7 mm high, 1.4-1.5 mm 
wide; fruits large, ovoid, 10-11 x 8-9 cm, outer peel thin 
(2-3 mm), roughened with numerous slightly pa 
oil glands, fitting closely on woody endocarp, 2-3 mm 
thick, very hard in dried fruits, that shows on its outer 
surface numerous slightly depressed areas 1.5-3 mm 
diam.; pulp-vesicles sessile, 15-33 mm long, with bases 
2.5-4 mm diam., tapering into long cylinders, 1.5-2 mm 
diam., which often end in very acute tips; corticate with 
small tangentially compressed peripheral: celle and larger, 
thinner-walled central cells somewhat elongated in their 
radial diameter; locules of the ripe fruit almost filled with 
sali seeds, apparently imbedded in mucilaginous gum, 
perhaps secreted by the pulp-vesicles; seeds broadly ob- 
ovate, tapering to an acute point at the base where the 
seed is attached, 22-27 x 16-18 X 7-10 mm, smooth, 
cream-colored, with a cinnamon brown chalazal cap cov- 
ering the broad end of the seed for 6-8 mm, monoembry- 
onic with pale buff (not green) cotyledons, testa thin, 
papery, irregularly wrinkled on dried seeds. 

Burkill published (1931, p. 218) very interesting 
notes on this species, as follows; “The characters of this 
extremely interesting plant have not been brought into 
adequate prominence. It was collected in the year 1893 
twice in the interior of the Territory of Malacca, and is 
represented in the herbarium of the Botanic Gardens, 
Singapore, by a sheet of each gathering. Derry obtained 
it with flowers in January, and Goodenough with fruit in 
July. Derry’s locality is given as Bukit Sedanan; Good- 
enough’s as Nyalas; these places are 6-8 miles apart. 
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Upon the two sheets there are ten leaves; and upon each 
sheet one is compounded by having a single lateral leaf- 
let. Other leaves hava a scar at the apex of the narrowly 
winged petiole and therefore count as compound; others 
have no scar, and obviously are simple. Trifoliate leaves 
do not exist; but it would be curious if they are never 
produced. There is a conspicuous joint between the peti- 
ole and the leaf-blade or blades. The flower suggests that 
of Merrillia caloxylon Swingle. The sepals are in shape as 
those of Atalantia and have large glands. The petals are 
nearly spathulate, and with glands in the braadened up- 
tid part. The stamens apparently are 10, free, with lon 
laments and rather short anthers. The ovary is hairy an 
fluted with five grooves; it is hard to distinguish the exact 
Ee where the gynophore passes into it. The style is as 
ong as the ovary and ends in a large stigma. There are 
numerous ovules. For other points the original description 
may be consulted.” 

This remarkable plant was first collected 
in flower by R. Derry (at that time in charge of 
the Malacca forests) at Bukit Sedanan, near Ma- 
lacca, in January, 1893. On July 9 of the same 
year, J. Goodenough collected at Nyalas, only 
some eight miles distant from Bukit Sedanan, a 
specimen with ripe or nearly ripe fruits (see fig. 
3-21) (fide Burkill, in letter dated January 13, 
1937). Thanks to the kindness of R. E: Holttum, 
then director of the Botanic Gardens at Singapore, 
Swingle was privileged to have the loan of the 
two type specimens noted above. 

E. D. Merrill directed attention in June, 
1938, to a tree which he had assigned to the 
subfamily Aurantioideae, collected by B. A. Kru- 
koff (No. 4233) in November—December, 1932, 
in the Nassihi Forest Reserve near Asahan in 
northern Sumatra (about 335 km west-northwest 
of Malacca). Herbarium specimens kindly lent 
by the New York Botanical Garden and the 
Arnold Arboretum showed that this plant was 
almost identical with the e specimens of 
Citrus malaccensis Ridl. The twigs of Krukoff’s 
specimens were in part spineless but in part 
armed with stiff, stout, straight, abruptly pointed, 
usually paired thorns 2 to 3 cm long, es 2 to 3 
mm in diameter at the base. The leaves were 
uni-, di-, or trifoliolate. A giant unifoliolate leaf 
in the New York Botanical Garden herbarium 
had a petiole 2 cm long and a broadly lanceolate 
blade, 27 by 11.5 cm, short-acuminate at the 
apex, cuneate at the base. It had 17 or 18 prin- 
cipal lateral veins, and about 9 or 10 shorter 
laterals, arising at angles of 70° to 80° with the 
midrib (see Swingle, 1939a, p. 262, pl. 2). The 
ovoid fruit measured about 11 cm long and 9 cm 
wide. The inner side of the dorsal walls of the 
locules were thickly covered with cylindrical or 
subclavate (?) saclike pulp-vesicles, as described 
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above. No similar pulp-vesicles are known in any 
other genus of citrus fruit yet studied. 

In a letter to Swingle, dated April 19, 
1940, R. E. Holttum reported that a collector 
whom he had sent to Bukit Sedanan, the type 
locality of B. malaccensis, found this species 
growing there in quantity “in primitive forest, 
but only on the ridges, where the shade is less 
than on the valley slopes.” The trees were about 
30 feet (9.15 m) high and bore half-grown fruits. 

In June, 1941, a large fruit, slightly over 
10 by 16 cm, was sent to Swingle by air express 
from the Singapore Botanic Gardens. It reached 
Washington in good condition, which made it 
possible to study fully developed pulp-vesicles 
in the living state. This fruit contained more than 
120 very large, mature seeds. (See fig. 3-21.) 

This remarkable tree should be studied 
in the living state and sea tested as a root- 
stock for Citrus. It is called by the Malays limnan 
hantu (“ghost lime”), a name also applied to 
wild forms of Citrus according to Bur iI (1931, 
p. 221), perhaps because its large fruits are not 
unlike those of some species of Citrus in size 
and shape. 


XVII. Limnocitrus Swing. 


XVII. Limnocitrus Swing. Jour. Arnold 
Arbor. 21:2. 1940. 


Type species.—Paramignya ? littoralis Miq. = 
Limnocitrus littoralis (Miq.) Swing. 

Distribution.—Java: Bali; South Vietnam. 

Common name.—Limnocitrus or swamp-orange. 


A shrub with glabrous twigs having stout, axil- 
lary, single spines at the nodes; leaves simple, coriaceous, 
glabrous, broad-elliptical or obovate, bluntly pointed at 
the tip and broadly cuneate at the base; petioles short 
(less a Yo as long as the leaf blade), pulvinoid, not 
articulated with the leaf blade; inflorescences terminal, 
short, corymbose; flowers 4- or 5-merous, borne on very 
short, glabrous pedicels; flower buds oblong, greenish; 
calyx 4-5-lobed, lobes triangular, obtuse; petals linear- 
lanceolate, obtuse, white; stamens 10, filaments free, gla- 
brous, anthers linear; disk annular; ovary oblong-ovate, 
with 15-20 narrow hirsute ridges, with a single large oil 
gland over each of the 4 or 5 locules, each having 2 
ovules; style slender, sparingly hirsute, stigma slightly 
capitate, distended with large oil glands between the 
stylar canals; fruit globose or subglobose, rather large (3.5- 
4 cm diam.), with a gland-dotted peel, becoming orange- 
colored when ripe, filled with very numerous, slender, 
fusiform pulp-vesicles, slender and acutely pointed at tip 
and abruptly truncate at the broad base about 4-% as 
wide as the broadest part, which is near the base, with a 
slender axile column of whitish granules (oil or resin 
drops?) in the center; seeds large, flattened-oval, with a 
hard, creamy-white testa, monoembryonic, embroyo green, 
cotyledons dotted with oil glands. 
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This remarkable plant has been placed in 
several different genera by the few botanists who 
have discussed it. It has certain resemblances to 
the species of Pleiospermium but differs from 
them in several important characters: (1) in hav- 
ing simple leaves with very short pulvinoid peti- 
oles; (2) in having slender, fusiform ive ane 
with very slender, acute tips and slightly nar- 
rowed at the base where attached; (3) in hav- 
ing thick, sparingly veiny leaves; (4) in having 
straight, very stout, single spines in the leaf axils. 

Limnocitrus is distinguished from Atalan- 
tia by its very slender-tipped pulp-vesicles, which 
are not conical and do not have broad bases 
deeply immersed in the locule wall, as in Ata- 
lantia, but are fusiform and narrowed into a 
definite, though very short, basal stipe. The leaves 
are thicker and differently veined and the whole 
plant has a different facies from that of Atalantia. 

In many ways the pulp-vesicles of Limno- 
citrus are intermediate between those of the True 
Citrus Fruit Trees (Citrus and the five most 
closely related genera) and_ those of the Near- 
Citrus Fruit Trees (Citropsis and Atalantia) and 
some of the Primitive Citrus Fruit Trees, espe- 
cially Pleiospermium. In most of its other charac- 
ters, Limnocitrus stands very much alone. The 
leaves are different in texture, venation, and gen- 
eral appearance from those of all the other twelve 
genera in the subtribe Citrinae. However, similar, 
although not identical, leaf and twig characters 
are found in Merope and Pamburus, two mono- 
typic genera of the Minor Citroid Fruit Trees, 
subtribe Triphasiinae, which also grow in brack- 
ish marshes. 

Limnocitrus littoralis (Mig.) Swing. Jour. 
Arnold Arbor. 21:3. 1940. Paramignya ? littoralis 
Miq. Ann. Mus. Bot. Lugd.-Bat., 1:211. 1863, 
and Teijsmann & Binnendijk, Natuur. Tijdschr. 
Nederl.-Indie 27:41. 1864; Limonia littoralis 
(Miq.) Backer, 1911; Atalantia littoralis (Miq.) 
Guill. 1913; Pleiospermium littoralis (Miq.) Tan. 
Bul. Mus. Hist. Nat. Paris, 2 ser. 2:162. 1930. 
Illus. Valeton, Icon. Bogor. 4:163, pl. 349. 
1912; Swingle, loc. cit. pl. 1; fig. 3-22 this work. 

Type.—Java, Rembang, on seashore (Teijsmann). 
Rijks Herb., Leiden. 


Distribution —Java: Bali; South Vietnam: An- 
nam, Cochin China. 


Common name.—Limnocitrus or swamp-orange. 


This species was based on a specimen collected 
by Teijsmann on the seashore at Rembang on the north 
coast of Java. Miquel’s original description reads, in trans- 
lation, as follows: “Spines solitary, straight, arising nearly 
at right angles to the twig; leaves simple, with very short 
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Fig. 3-22. Limnocitrus littoralis. Herbarium specimen 
from Nhatrang, Annam (Chevalier, No. 30526), Herbar- 
ium National Arboretum. 


petioles, acute or acutish at the base, broad- or obovate- 
elliptical, apex obtuse or somewhat protracted-obtuse and 
emarginate, coriaceous, pellucid-punctate, reticulate, ven- 
ose below, [margins] very slightly crenulate; leaves 2-3 
in. [5-7.6 cm] long; flowers in terminal tufts, forming 
much contracted cymes, with very short, thick pedicels; 
calyx unequally 5-toothed; petals 5, elliptic-oblong, imbri- 
cate; stamens 8, filaments very short, anthers linear, 
marked with an oblong gland on the back, joined together 
in the bud; ovary inserted on a short disk, 5-angled, 

ly pilose, 5 locular, ovules 2 in each locule, subcol- 
lateral; style thick, stigma slightly capitate, obscurely 5- 
lobed; fruits globose, 2- or 3-seeded, about the size of 
apricots, with distinct, empty locules.” 

Another description published almost simulta- 
neously by Teijsmann and aati (doubtless based in 
part on independent observations of the species ey Teijs- 
mann, who discovered it at Rembang) supplements 
Miquel’s original description. ate obvious duplica- 
tions, this reads, in translation, as follows: “Branches 
cinereous, twigs very glabrous; spines % in. [12.5 mm] 
long, stout; leaves emarginate at the apex, rarely obtuse; 
racemes [sic] short, sessile . . . calyx 4-5-lobed; filaments 
10, free; ovary pubescent, 4-5-locular, ovules paired; 
fruits baccate, very fetid, 2.3 cm diam., locules by abor- 
tion 1-seeded.” 
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In the notes following the technical description 
they add, regarding the fruit, that it is “dawened gh 
bose, about the size of a lime, becoming orange-colored 
... 4-5-locular . . . pulpy; rind, leathery-glandular. Seeds 
large, testa membranaceous, white. Cotyledons fleshy, 
plano-convex, green.” 


One of the most important characters of the spe- 
cies, overlooked by Miquel ae brought to light by Teijs- 
mann and Binnendijk, is that the locules of the fruit 
contain pul. This was mentioned a few years later by 
Kurz, who lived for some years in Java, where he doubt- 
less saw Teijsmann’s specimens collected at Rembang. 
Kurz wrote (1875, p. 136, footnote): “The berries of 
Plaramignya] littoralis Miq., a species closely allied to 
P. angulata. [= Merope angulata], have pulp, but the 
dried ones appear pulpless.” 


Fortunately Swingle was able to supplement the 
above-quoted descriptions and a later one iy Valeton 
(l.c., p. 163), all based on a single collection made at 
Rembang, Java, from excellent material from Indo-China. 
Flowering specimens studied were from plants growing in 
a hedgerow near houses at Tourane, Annam Goll, by J. 
and M. S. Clemens, No. 3263), in Herb. Arnold Arbore- 
tum; fruiting material was from Nhatrang, Annam (Aug. 
Chevalier, No. 30526, February 6, 1916), in Herb. Na- 
tional Arboretum. This material showed the following 
characters: 


A shrub or small tree 2 m high, with stout, 
straight, single spines; leaves simple, glabrous, broadly 
oval, bluntly pointed at both ends, margins entire or 
faintly crenulate; leaf blades 5-7.5 x 3-4 cm, with 8-11 
pairs of lateral veins, arising at angles of 40°-60° with 
the midrib, usually straight but sometimes bending to the 
right or left to unite with the neighboring lateral vein, 
tertiary or quaternary veinlets forming coarse, irregular, 
inconspicuous reticulations, oil glands small, very numer- 
ous; petioles cylindrical, 3.5-7 x 1-1.5 mm, pulvinoid, 
minutely puberulous on the upper side inside the shallow 
channel bounded by the decurrent leaf margins; inflores- 
cences terminal (sometimes also small ones in axils of last 
few leaves), corymbose, 3-4 xX 2.5-5 cm, pubescent, 
peduncles abundantly and divaricately branched, divided 
into nodes (5-10 x 1.5-2 mm) by thick, blunt-pointed, 
pubescent, caducous bracts, 1-5 x 0.8 mm, icels 
2.5-3.5 mm long, expanding gradually into the base of 
the calyx without any articulation; calyx glabrous without, 
4-5-lobed, lobes bluntly pointed, finely pubescent within, 
with short-ciliate margins; petals white within, green 
without in the bud and greenish-white when expanded, 
linear-oblong, blunt-tipped, 10-11 x 3 mm, glabrous 
except for scattered aahver lenis near the tip; stamens 
with glabrous filaments, anthers long and slender, 4.5 x 1 
mm, with a large dorsal oil gland; disk cup-shaped, 0.5- 
0.6 mm high, 1.5-1.6 mm wide, enclosing loosely the base 
of the ovary for 0.2-0.25 mm; pistil 10-11 mm _ long; 
ovary obovoid, 4.5-5 mm high, 1.7-2 mm wide, flattened 
at top, obscurely ribbed in middle portion with 15-20 
slight ridges from which arise scattered long hairs, pen- 
tagonal at the top because of large sunken oil glands (1 
over each locule), locule 4-5, each with 2 pendant col- 
lateral ovules; style 6 mm long, 1.8-2 mm thick, terete, 
sparingly pilose above, increasingly so toward the base, 
stigma depressed capitate, 1.8-2 mm wide, 0.7-0.8 mm 
high, with 4-5 radially arranged, linear stylar canals, with 
2 (rarely 1) large oil glands between each adjoining pair 
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of stylar canals; fruits subglobose, 37-40 mm diam., peel 
thin, dotted with oil glands, containing numerous, very 
slender, fusiform pulp-vesicles, 9-11 mm long, gradually 
tapering to 0.5-0.8 mm diam. at the base where attached 
to dorsal wall of locule, the broadest portion (1.6-1.8 mm) 
of the pulp-vesicle is situated about 4o-\% of the distance 
from the base to the tip, the slender apical portions often 
matted and tangled in dried specimens; seeds long ob- 
ovate, 17-18 x 9-11 X 3.5 mm, with a smooth, firm, yel- 
lowish-gray testa, monoembryonic; cotyledons green, 
gland-dotted. 

This little-known species apparently has 
a fairly wide distribution, as it has been found 
in Annam and Cochin China in South Vietnam, 
as well as in Java and Bali. However, it has been 
collected only a few times since it was discovered 
by Teijsmann some seventy-five years ago at 
Rembang in Java, where apparently it has not 
been seen since. 


It has, however, been collected several 
times near Nhatrang in Annam (see fig. 3-22), 
and once at Tourane. It grows in tidal swamps 
subject to overflow with brackish water at spring 
tides. Guillaumin (1913, p. 442), in describing 
the plant as found in the vicinity of Nhatrang, 
wrote: “The fruits, as a matter of fact, resemble 
small oranges about 4 cm in diameter, with 
five locules almost completely occupied by two 
very large seeds surrounded by pulp formed by 
succulent hairs, as in the genus Citrus and in 
Atalantia citroides.” He went on to say that it 
is called kim-do-um by the natives at Nhatrang 
and that, since it grows on sea beaches, it is 
probably salt-resistant. 


Limnocitrus, from its habitat, is almost cer- 
tain to possess a high tolerance to salinity in the 
soil moisture. Citrus can be grafted on Merope, 
but has made only unsatisfactory growth (see 
p. 259). It is probable that Citrus would grow 
better when grafted on Limnocitrus, to which 
it is much more closely related than to Merope 
(a member of another subtribe). Such a rootstock 
might be expected to be useful wherever Citrus 
is woe in soils showing a high salinity in the 
soil moisture, as has been found to be true with 
the day heed Eremocitrus, native to more or 
less saline flats in the semiarid plains of Australia. 


XVIII. Hesperethusa Roem. 


XVIII. Hesperethusa Roem. Syn. Hesper. 1:31. 
1846. Limonia Sec. III, Hesperethusa Engl. Die 
Nat. Pflanzenfam. 3(4):190. 1896. 

Type species (monotype.—Limonia crenulata 


Roxb. = Hesperethusa crenulata (Roxb.) Roem.; from 
British India. 
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Distribution—Northern India, Burma, south- 
noe China, Thailand, South Vietnam, Laos, Cambo- 

1a. 

Common name.—Hesperethusa. 

Slender, thorny trees or shrubs; leaves persistent, 
odd-pinnate; petioles and rachis broadly winged’ (patioles 
sometimes more narrowly on ); inflorescences axil- 
lary, few-flowered; flowers small, 4-merous (except sta- 
mens, twice as many as petals); ovary with 4 locules, 1 
ovule in each locule; fruits small, 1 or more of the 4 seg- 
ments with a single seed, surrounded by scanty, bitteris 
pulp containing ap rudimentary sessile pulp-vesicles of 
irregular size and shape; seeds hard, smooth, germinating 
with epigeous cotyledons. 

Hesperethusa has apparently no near rela- 
tives, differing widely from all the other genera 
of the Citrus Fruit Trees except Citropsis in 
having odd-pinnate leaves with three to four 
pairs of small, opposite, crenate leaflets and 
broadly winged petioles and rachis segments. 
Pinnate leaves were undoubtedly borne by the 
remote ancestors of all the Citrus and Citroid 
Fruit Trees (the tribe Citreae). The characters 
persist today only in two out of the thirteen 
genera (Hesperethusa and Citropsis) of the sec- 
ond subtribe, Citrinae, and in two out of the 
seven genera (Feronia and Feroniella) of the 
third subtribe, Balsamocitrinae. None of the eight 
genera in the first subtribe, Triphasiinae, have 
pinnate leaves. In other words, only two of the 
three subtribes of the tribe Citreae have genera 
with pinnate leaves, and out of a total of twenty- 
eight genera in the tribe only four have pinnate 
leaves. 

Hesperethusa has some other points of 
similarity with the African genus Citropsis aside 
from pinnate leaves. The seeds of both genera 
have a hard testa, cream-yellow in color, com- 


posed of radial prismatic cells, some with very 


thick walls. The little known Citropsis daweana 
from Portuguese East Africa (see p. 314) has the 
smallest leaflets of any of the species of Citropsis, 
with widely winged rachis segments but nearly 
wingless petioles, making the leaves look some- 
what like those of certain forms of Hesperethusa 
crenulata. 

The very small fruits of this monotypic 
genus show rudimentary pulp-vesicles attached 
to the dorsal wall and apparently also to the 
base of the locule. There are relatively few of 
these pulp-vesicles in each locule of the de- 
veloping fruit; they are not clearly differentiated 
into basal and apical portions but are irregularly 
rounded and seem to be thin-walled; they vary 
greatly in size, and are often polygonal from 
mutual pressure. These rudimentary pulp-vesicles 
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foliolate leaves variable in size, often large, 12.5-27 x 
4.5-11.5 cm, lateral leaflets much smaller, 6.5-8 x 3-4 
cm, with short, pulvinoid petiolules 2-2.5 mm long, lateral 
nerves (of larger leaflets) about 12-18 on each side arising 
at a very wide angle (70°-85°) with the midrib, running 
sub el and only slightly curved for % or % the dis- 
tance from the midrib to the margin, then branchin 
dichotomously, base broadly cuneate, articulated wi 
the petiole by means of a pulvinoid petiolule, margin sub- 
entire, very slightly coarse-crenate; petioles of the 2- or 
3-foliolate leaves 4-5 cm long, often narrowly winged (3- 
6 mm in total width) at apex, narrowing toward the base, 
often merely margined even at the apex; petioles of 1- 
foliolate leaves usually shorter, 1-3, rarely 4, cm long, 
sometimes almost wingless when short; inflorescences few- 
(usually 1-4-) flowered, axillary clusters, flowers large, 5- 
6 cm diam., borne on pedicels 5-7 mm long; calyx of 5 
lanceolate-acuminate, acute se with large oil glands, 
free nearly to the base; petals 5, subspathulate, with oil 
glands in the broadened upper part, 20-25 mm long, 3.5- 
4.5 mm wide, tapering into a long slender base 1-1.5 
mm wide; stamens 10, filaments free, long, slender, an- 
thers rather small, oblong; ovary obclavate, 6.5-7 mm 
long, 2.5 mm diam. at the broadest part (about % the 
distance from the top of the disk to the base of the style, 
at a point shortly below the tips of the locules) and 1.8- 
2 mm diam. at the base, with 5 locules, each with 22-26 
ovules in 2 rows in the upper % of the locular cavity (see 
fig. 3-20), the entire ovary covered with short sparse pubes- 
cence and with a few small oil glands dotted over the 
upper half only; style slender, 5.5-6 x 0.5-0.7 mm, with 
small oil slande glabrous, merging abruptly into the tip 
of the ovary without any definite demarcation, swelling 
gradually at the tip and surmounted by a depressed glo- 
hose stigma, 1 mm high, 1.6 mm wide, without oil glands; 
disk short, cylindrical, 0.6-0.7 mm high, 1.4-1.5 mm 
wide; fruits large, ovoid, 10-11 x 8-9 cm, outer peel thin 
(2-3 mm), roughened with numerous slightly depressed 
oil glands, fitting closely on woody endocarp, 2-3 mm 
thick, very hard in dried fruits, that shows on its outer 
surface numerous slightly depressed areas 1.5-3 mm 
diam.; pulp-vesicles sessile, 15-33 mm long, with bases 
2.5-4 mm diam., tapering into long cylinders, 1.5-2 mm 
diam., which often end in very acute tips; corticate with 
small tangentially compressed peripheral cells and larger, 
thinner-walled central cells somewhat elongated in their 
radial diameter; locules of the ripe fruit almost filled with 
large seeds, ephen imbedded in mucilaginous gum, 
perhaps secreted by the pulp-vesicles; seeds broadly ob- 
ovate, tapering to an acute point at the base where the 
seed is attached, 22-27 x 16-18 X 7-10 mm, smooth, 
cream-colored, with a cinnamon brown chalazal cap cov- 
ering the broad end of the seed for 6-8 mm, monoembry- 
onic with pale buff (not green) cotyledons, testa thin, 
papery, irregularly wrinkled on dried seeds. 

Burkill published (1931, p. 218) very interesting 
notes on this species, as follows; “The characters of this 
extremely interesting plant have not been brought into 
adequate prominence. It was collected in the year 1893 
twice in the interior of the Territory of Malacca, and is 
represented in the herbarium of the Botanic Gardens, 
Singapore, by a sheet of each gathering. Derry obtained 
it with flowers in January, and Goodenough with fruit in 
July. Derry’s locality is given as Bukit Sedanan; Good- 
enough’s as Nyalas; these places are 6-8 miles apart. 
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Upon the two sheets there are ten leaves; and upon each 
sheet one is compounded by having a single lateral leaf- 
let. Other leaves have a scar at the apex of the narrowly 
winged petiole and therefore count as compound; others 
have no scar, and obviously are simple. Trifoliate leaves 
do not exist; but it would be curious if they are never 
produced. There is a conspicuous joint between the peti- 
ole and the leaf-blade or blades. The flower suggests that 
of Merrillia caloxylon Swingle. The sepals are in shape as 
those of Atalantia and have large glands. The petals are 
nearly spathulate, and with glands in the broadened up- 
sad part. The stamens apparently are 10, free, with ong 
laments and rather short anthers. The ovary is hairy an 
fluted with five grooves; it is hard to distinguish the exact 
pits where the gynophore passes into it. The style is as 
ong as the ovary and ends in a large stigma. There are 
numerous ovules. For other points the original description 
may be consulted.” 

This remarkable plant was first collected 
in flower by R. Derry (at that time in charge of 
the Malacca forests) at Bukit Sedanan, near Ma- 
lacca, in January, 1893. On July 9 of the same 
year, J. Goodenough collected at Nyalas, only 
some eight miles distant from Bukit Sedanan, a 
specimen with ripe or nearly ripe fruits (see fig. 
3-21) (fide Burkill, in letter dated January 13, 
1937). Thanks to the kindness of R. E: Holttum, 
then director of the Botanic Gardens at Singapore, 
Swingle was privileged to have the loan of the 
two type specimens noted above. 

E. D. Merrill directed attention in June, 
1938, to a tree which he had assigned to the 
subfamily Aurantioideae, collected by B. A. Kru- 
koff (No. 4233) in November—December, 1932, 
in the Nassihi Forest Reserve near Asahan in 
northern Sumatra (about 335 km west-northwest 
of Malacca). Herbarium specimens kindly lent 
by the New York Botanical Garden and the 
Arnold Arboretum showed that this plant was 
almost identical with the type specimens of 
Citrus malaccensis Rid]. The twigs of Krukoff’s 
specimens were in part spineless but in part 
armed with stiff, stout, straight, abruptly pointed, 
usually paired thorns 2 to 3 cm long, and 2 to 3 
mm in diameter at the base. The leaves were 
uni-, di-, or trifoliolate. A giant unifoliolate leaf 
in the New York Botanical Garden herbarium 
had a petiole 2 cm long and a broadly lanceolate 
blade, 27 by 11.5 cm, short-acuminate at the 
apex, cuneate at the base. It had 17 or 18 prin- 
cipal lateral veins, and about 9 or 10 shorter 
laterals, arising at angles of 70° to 80° with the 
midrib (see Swingle, 1939a, p. 262, pl. 2). The 
ovoid fruit measured about 11 cm long and 9 cm 
wide. The inner side of the dorsal walls of the 
locules were thickly covered with cylindrical or 
subclavate (?) saclike pulp-vesicles, as described 
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above. No similar pulp-vesicles are known in any 
other genus of citrus fruit yet studied. 

In a letter to Swingle, dated April 19, 
1940, R. E. Holttum reported that a collector 
whom he had sent to Bukit Sedanan, the type 
locality of B. malaccensis, found this species 

owing there in quantity “in primitive forest, 

but only on the ridges, where the shade is less 
than on the valley slopes.” The trees were about 
30 feet (9.15 m) high and bore half-pgrown fruits. 

In June, 1941, a large fruit, slightly over 
10 by 16 cm, was sent to Swingle by air express 
from the Singapore Botanic Gardens. It reached 
Washington in good condition, which made it 
possible to study fully developed pulp-vesicles 
in the living state. This fruit contained more than 
120 very large, mature seeds. (See fig. 3-21.) 

This remarkable tree should be studied 
in the living state and possibly tested as a root- 
stock for Citrus. It is called by the Malays limnan 
hantu (“ghost lime”), a name also applied to 
wild forms of Citrus according to Burkill (1931, 
p. 221), perhaps because its large fruits are not 
unlike those of some species of Citrus in size 
and shape. 


XVII. Limnocitrus Swing. 


XVII. Limnocitrus Swing. Jour. Arnold 
Arbor. 21:2. 1940. 


Type species.—Paramignya ? littoralis Miq. = 
Limnocitrus littoralis (Miq.) Swing. 

Distribution.—Java: Bali; South Vietnam. 

Common name.—Limnocitrus or swamp-orange. 


A shrub with glabrous twigs having stout, axil- 
lary, single spines at the nodes; leaves simple, coriaceous, 
glabrous, broad-elliptical or obovate, bluntly pointed at 
the tip and broadly cuneate at the base; petioles short 
(less than %o as long as the leaf blade), pulvinoid, not 
articulated with the leaf blade; inflorescences terminal, 
short, corymbose; flowers 4- or 5-merous, borne on very 
short, glabrous pedicels; flower buds oblong, greenish; 
calyx 4-5-lobed, lobes triangular, obtuse; petals linear- 
lanceolate, obtuse, white; stamens 10, filaments free, gla- 
brous, anthers linear; disk annular; ovary oblong-ovate, 
with 15-20 narrow hirsute ridges, with a single large oil 
gland over each of the 4 or 5 locules, each having 2 
ovules; style slender, sparingly hirsute, stigma slightly 
capitate, distended with large oil glands between the 
stylar canals; fruit globose or subglobose, rather large (3.5— 
4 cm diam.), with a gland-dotted peel, becoming orange- 
colored when ripe, filled with very numerous, slender, 
fusiform pulp-vesicles, slender and acutely pointed at tip 
and abruptly truncate at the broad base about 14-% as 
wide as the broadest part, which is near the base, with a 
slender axile column of whitish granules (oil or resin 
drops?) in the center; seeds large, flattened-oval, with a 
hard, creamy-white testa, monoembryonic, embroyo green, 
cotyledons dotted with oil glands. 
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‘This remarkable plant has been placed in 
several different genera by the few botanists who 
have discussed it. It has certain resemblances to 
the species of Pleiospermium but differs from 
them in several important characters: (1) in hav- 
ing simple leaves with very short pulvinoid peti- 
oles; (2) in having slender, fusiform pulp-vesicles 
with very slender, acute tips and slightly nar- 
rowed at the base where attached; (3) in hav- 
ing thick, sparingly veiny leaves; (4) in having 
straight, very stout, single spines in the leaf axils. 

Limnocitrus is distinguished from Atalan- 
tia by its very slender-tipped pulp-vesicles, which 
are not conical and do not have broad bases 
deeply immersed in the locule wall, as in Ata- 
lantia, but are fusiform and narrowed into a 
definite, though very short, basal stipe. The leaves 
are thicker and differently veined and the whole 
plant has a different facies from that of Atalantia. 

In many ways the pulp-vesicles of Limno- 
citrus are intermediate between those of the True 
Citrus Fruit Trees (Citrus and the five most 
closely related genera) and_ those of the Near- 
Citrus Fruit Trees (Citropsis and Atalantia) and 
some of the Primitive Citrus Fruit Trees, espe- 
cially Pleiospermium. In most of its other charac- 
ters, Limnocitrus stands very much alone. The 
leaves are different in texture, venation, and gen- 
eral appearance from those of all the other twelve 
genera in the subtribe Citrinae. However, similar, 
although not identical, leaf and twig characters 
are found in Merope and Pamburus, two mono- 
typic genera of the Minor Citroid Fruit Trees, 
subtribe Triphasiinae, which also grow in brack- 
ish marshes. 

Limnocitrus littoralis (Mig.) Swing. Jour. 
Arnold Arbor. 21:3. 1940. Paramignya ? littoralis 
Miq. Ann. Mus. Bot. Lugd.-Bat., 1:211. 1863, 
and Teijsmann & Binnendijk, Natuur. Tijdschr. 
Nederl.-Indie 27:41. 1864; Limonia littoralis 
(Miq.) Backer, 1911; Atalantia littoralis (Miq.) 
Guill. 1913; Pleiospermium littoralis (Miq.) Tan. 
Bul. Mus. Hist. Nat. Paris, 2 ser. 2:162. 1930. 
Illus. Valeton, Icon. Bogor. 4:163, pl. 349. 
1912; Swingle, loc. cit. pl. 1; fig. 3-22 this work. 

Type.—Java, Rembang, on seashore (Teijsmann). 
Rijks Herb., Leiden. 

Distribution.—Java: Bali; South Vietnam: An- 
nam, Cochin China. 

Common name.—Limnocitrus or swamp-orange. 


This species was based on a specimen collected 
by Teijsmann on the seashore at Rembang on the north 
coast of Java. Miquel’s original description reads, in trans- 
lation, as follows: “Spines solitary, straight, arising nearly 
at right angles to the twig; leaves simple, with very short 
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Fig. 3-22. Limnocitrus littoralis. Herbarium specimen 
from Nhatrang, Annam (Chevalier, No. 30526), Herbar- 
ium National Arboretum. 


petioles, acute or acutish at the base, broad- or obovate- 
elliptical, apex obtuse or somewhat protracted-obtuse and 
emarginate, coriaceous, pellucid-punctate, reticulate, ven- 
ose below, [margins] very slightly crenulate; leaves 2-3 
in. [5-7.6 cm] long; flowers in terminal tufts, forming 
much contracted cymes, with very short, thick pedicels; 
calyx unequally 5-toothed; petals 5, elliptic-oblong, imbri- 
cate; stamens 8, filaments very short, anthers linear, 
marked with an oblong gland on the back, joined together 
in the bud; ovary inserted on a short disk, 5-angled, 
sparsely pilose, 5 locular, ovules 2 in each locule, subcol- 
lateral; style thick, stigma slightly capitate, obscurely 5- 
lobed; fruits globose, 2- or 3-seeded, about the size of 
apricots, with distinct, empty locules.” 

Another description published almost simulta- 
neously by Teijsmann and Binnendijk (doubtless based in 
part on independent observations f the species ay Teijs- 
mann, who discovered it at ames supplements 
Miquel'’s original description. Omitting obvious duplica- 
tions, this reads, in translation, as Pillows: “Branches 
cinereous, twigs very glabrous; spines % in. [12.5 mm] 
long, stout; leaves emarginate at the apex, rarely obtuse; 
racemes [sic] short, sessile . . . calyx 4-5-lobed; filaments 
10, free; ovary pubescent, 4-5-locular, ovules paired; 
fruits baccate, very fetid, 2.3 cm diam., locules by abor- 
tion 1-seeded.” 
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In the notes following the technical description 
they add, i calor: the fruit, that it is Sdeiwessed-gle- 
bose, about the size of a lime, becoming orange-colored 
... 4-5-locular . . . pulpy; rind, leathery-glandular. Seeds 
large, testa membranaceous, white. Cotyledons fleshy, 
plano-convex, green.” 


One of the most important characters of the spe- 
cies, overlooked by Miquel But brought to light by Teijs- 
mann and Binnendijk, is that the locules of the fruit 
contain one This was mentioned a few years later by 
Kurz, who lived for some years in Java, where he doubt- 
less saw Teijsmann’s specimens collected at Rembang. 
Kurz wrote (1875, p. 136, footnote): “The berries of 
P{aramignya] littoralis Miq., a species closely allied to 
P. angulata [= Merope angulatal, have pulp, but the 
dried ones appear pulpless.” 


Fortunately Swingle was able to supplement the 
above-quoted descriptions and a later one iy Valeton 
(l.c., p. 163), all based on a single collection made at 
Rembang, Java, from excellent material from Indo-China. 
Flowering specimens studied were from plants growing in 
a hedgerow near houses at Tourane, Annam (coll. by J. 
and M. S. Clemens, No. 3263), in Herb. Arnold Arbore- 
tum; fruiting material was from Nhatrang, Annam (Aug. 
Chevalier, No. 30526, February 6, 1916), in Herb. Na- 
tional Arboretum. This material showed the following 
characters: 


A shrub or small tree 2 m high, with stout, 
straight, single spines; leaves simple, glabrous, broadly 
oval, bluntly pointed at both ends, margins entire or 
faintly crenulate; leaf blades 5-7.5 x 3-4 cm, with 8-11 
pairs of lateral veins, arising at angles of 40°-60° with 
the midrib, usually straight but sometimes bending to the 
right or left to unite with the neighboring lateral vein, 
tertiary or quaternary veinlets forming coarse, irregular, 
inconspicuous reticulations, oil glands small, very numer- 
ous; petioles cylindrical, 3.5-7 x 1-1.5 mm, pulvinoid, 
minutely puberulous on the upper side inside the shallow 
channel bounded by the decurrent leaf margins; inflores- 
cences terminal (sometimes also small ones in axils of last 
few leaves), corymbose, 3-4 x 2.5-5 cm, pubescent, 
peduncles abundantly and divaricately branched, divided 
into nodes (5-10 x 1.5-2 mm) by thick, blunt-pointed, 
pubescent, caducous bracts, 1-5 x 0.8 mm, icels 
2.5-3.5 mm long, expanding gradually into the base of 
the calyx without any articulation; = glabrous without, 
4-5-lobed, lobes bluntly pointed, finely pubescent within, 
with short-ciliate margins; petals white within, green 
without in the bud and greenish-white when expanded, 
linear-oblong, blunt-tipped, 10-11 x 3 mm, glabrous 
except for scattered peberilancs near the tip; stamens 
with glabrous filaments, anthers long and slender, 4.5 x 1 
mm, with a large dorsal oil gland; disk cup-shaped, 0.5- 
0.6 mm high, 1.5-1.6 mm wide, enclosing loosely the base 
of the ovary for 0.2-0.25 mm; pistil 10-11 mm _ long; 
ovary obovoid, 4.5-5 mm high, 1.7-2 mm wide, flattened 
at top, obscurely ribbed in middle portion with 15-20 
slight ridges from which arise scattered long hairs, pen- 
tagonal at the top because of large sunken oil glands (1 
over each locule), locule 4-5, each with 2 pendant col- 
lateral ovules; style 6 mm long, 1.8-2 mm thick, terete, 
sparingly pilose above, increasingly so toward the base, 
stigma depressed capitate, 1.8-2 mm wide, 0.7-0.8 mm 
high, with 4-5 radially arranged, linear stylar canals, with 
2 (rarely 1) large oil glands between each adjoining pair 
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of stylar canals; fruits subglobose, 37-40 mm diam., peel 
thin, dotted with oil glands, containing numerous, very 
slender, fusiform pulp-vesicles, 9-11 mm long, gradually 
tapering to 0.5-0.8 mm diam. at the base where attached 
to dorsal wall of locule, the broadest portion (1.6-1.8 mm) 
of the pulp-vesicle is situated about 4o—% of the distance 
from the base to the tip, the slender apical portions often 
matted and tangled in dried specimens; seeds long ob- 
ovate, 17-18 x 9-11 X 3.5 mm, with a smooth, firm, yel- 
lowish-gray testa, monoembryonic; cotyledons green, 
gland-dotted. 

This little-known species apparently has 
a fairly wide distribution, as it has been found 
in Annam and Cochin China in South Vietnam, 
as well as in Java and Bali. However, it has been 
collected only a few times since it was discovered 
by Teijsmann some seventy-five years ago at 
Rembang in Java, where apparently it has not 
been seen since. 


It has, however, been collected several 
times near Nhatrang in Annam (see fig. 3-22), 
and once at Tourane. It grows in tidal swamps 
subject to overflow with brackish water at spring 
tides. Guillaumin (1913, p. 442), in describing 
the plant as found in the vicinity of Nhatrang, 
wrote: “The fruits, as a matter of fact, resemble 
small oranges about 4 cm in diameter, with 
five locules almost completely occupied by two 
very large seeds surrounded by pulp formed by 
succulent hairs, as in the genus Citrus and in 
Atalantia citroides.” He went on to say that it 
is called kim-do-um by the natives at Nhatrang 
and that, since it grows on sea beaches, it is 
probably salt-resistant. 


Limnocitrus, from its habitat, is almost cer- 
tain to possess a high tolerance to salinity in the 
soil moisture. Citrus can be grafted on Merope, 
but has made only unsatisfactory growth (see 
p. 259). It is probable that Citrus would grow 
better when grafted on Limnocitrus, to which 
it is much more closely related than to Merope 
(a member of another subtribe). Such a rootstock 
might be expected to be useful wherever Citrus 
is grown in soils showing a high salinity in the 
soil moisture, as has been found to be true with 
the xerophytic Eremocitrus, native to more or 
less saline flats in the semiarid plains of Australia. 


XVIII. Hesperethusa Roem. 


XVIII. Hesperethusa Roem. Syn. Hesper. 1:31. 
1846. Limonia Sec. III, Hesperethusa Engl. Die 
Nat. Pflanzenfam. 3(4):190. 1896. 

Type species (monotype.—Limonia crenulata 


Roxb. = Hesperethusa crenulata (Roxb.) Roem.; from 
British India. 
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Distribution.—Northern India, Burma, south- 
oe China, Thailand, South Vietnam, Laos, Cambo- 

la. 

Common name.—Hesperethusa. 

Slender, thorny trees or shrubs; leaves persistent, 
odd-pinnate; petioles and rachis broadly winged (petinkas 
sometimes more nar rowly pla ); inflorescences axil- 
lary, few-flowered; flowers small, 4-merous (except sta- 
mens, twice as many as petals); ovary with 4 locules, 1 
ovule in each locule; fruits small, 1 or more of the 4 seg- 
ments with a single seed, surrounded by scanty, bitterich 
pulp containing large rudimentary sessile pulp-vesicles of 
irregular size and shape; seeds hard, smooth, germinating 
with epigeous cotyledons. 

Hesperethusa has apparently no near rela- 
tives, differing widely from all the other genera 
of the Citrus Fruit Trees except Citropsis in 
having odd-pinnate leaves with three to four 
pairs of small, opposite, crenate leaflets and 
broadly winged petioles and rachis segments. 
Pinnate leaves were undoubtedly borne by the 
remote ancestors of all the Citrus and Citroid 
Fruit Trees (the tribe Citreae). The characters 
persist today only in two out of the thirteen 
genera (Hesperethusa and Citropsis) of the sec- 
ond subtribe, Citrinae, and in two out of the 
seven genera (Feronia and Feroniella) of the 
third subtribe, Balsamocitrinae. None of the eight 
genera in the first subtribe, Triphasiinae, have 
pinnate leaves. In other words, only two of the 
three subtribes of the tribe Citreae have genera 
with pinnate leaves, and out of a total of twenty- 
eight genera in the tribe only four have pinnate 
leaves. 

Hesperethusa has some other points of 
similarity with the African genus Citropsis aside 
from pinnate leaves. The seeds of both genera 
have a hard testa, cream-yellow in color, com- 
posed of radial prismatic cells, some with very 
thick walls. The little known Citropsis daweana 
from Portuguese East Africa (see p. 314) has the 
smallest leaflets of any of the species of Citropsis, 
with widely winged rachis segments but nearly 
wingless petioles, making the leaves look some- 
what like those of certain forms of Hesperethusa 
crenulata. 

The very small fruits of this monotypic 
genus show rudimentary pulp-vesicles attached 
to the dorsal wall and apparently also to the 
base of the locule. There are relatively few of 
these pulp-vesicles in each locule of the de- 
veloping fruit; they are not clearly differentiated 
into basal and apical portions but are irregularly 
rounded and seem to be thin-walled; they vary 
greatly in size, and are often polygonal from 
mutual pressure. These rudimentary pulp-vesicles 
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can be seen in the sections’? of the fruits of 
paratypic material in the Kew Herbarium which 
was collected by Roxburgh in the last quarter 
of the eighteenth century and from which he 
drew up the description of Limonia crenulata, 


the type species of the genus. 


The pulp-vesicles of Hesperethusa that 
arise from the dorsal wall of the locule appear 
like small vesicles adhering to the wall by a 
broad base and are broader than high. The few 
pulp-vesicles that arise from the base of the 
locule are more or less slender and elongated 
but do not have any clearly marked stalk. The 
shapes taken by the pulp-vesicles seem to be 
governed by the free space available into which 
they can expand as they develop. The pulp- 
vesicles attached to the dorsal wall are somewhat 
like those of Pleiospermium in shape but they do 
not show any definite cortical layer and further- 
more do not show any degenerations of the cen- 
tral portion into an oily or resinous (?) mass. 


Hesperethusa can be grafted on Citrus 
and such grafts live and grow for many years. 

Dr. Anna E. Jenkins (1936, pp. 71, 73) dis- 
covered on the fruits of Hesperethusa from India 
a fungus, Elsinoé sp., very like the scab fungi, 
E. fawcettii and E. custralte, that attack species 
of Citrus. 


Hesperethusa crenulata (Roxb.) Roem. Syn. 
Hesper. 1:38. 1846. Limonia crenulata Roxb. Pl. 
Corom. 1795; L. acidissima Auct. (non L.). Illus. 
Rheede & Draakestein, Hort. Malabar. 4:31, pl. 
14, 1679; Roxburgh, loc. cit. 1: pl. 86; Talbot, 
Forest Fl. Bomb. Presid. 198, fig. 121. 1909; 
Engler, Die Nat. Pflanzenfam. 3(4):190, figs. J, K, 
L. 1896; Swingle, in Bailey, Stand. Cycl. Hort. 
3:1478, fig. 1825. 1915; fig. 3-23 this work. 

Type.—Peninsular British India (Roxburgh). 
Herb. Brit. Mus., London (fide Tanaka). 


Distribution —West Pakistan, India, Burma, 
Thailand, southwestern China, South Vietnam, Laos, 
Cambodia. 


Common name.—Hesperethusa. 


Talbot (1909, pp. 198, 199) described this species 
as follows: “A spinous, glabrous, small tree: spines 
straight 0.5”-1” [12-25 mm] long. Leaves imparipinnate; 
leaflets 2-3 pairs, 1”-2” [2.5-5.1 cm] by 0.5”-1” [1.2-2.5 
cm], conspicuously gland-dotted, seis ovate, emargi- 
nate, crenulate; terminal leaflet usually largest; rachis and 
petiole broadly winged, jointed; joints of rachis obovate. 
Racemes short, axillary, pubescent, subumbellate, few- 
flowered. Flowers 4-merous. Calyx small, glandular, 4- 
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Fig. 3-23. Hesperethusa crenulata. Leafy branch, fruit, 
and seeds. (Photo by W. P. Bitters. ) 


lobed; lobes ovate. Petals 4, fragrant, white, 0.25” [6 mm] 
long, elliptic. Disk annular or pe Ovary 4-celled 
with 1 pendulous ovule in each cell; style short. Fruit glo- 
bose, 1-4 seeded, 0.25” [6 mm] in diameter, black when 
ripe; pedicels 0.75” [19 mm] long.” 

Hesperethusa has a wide range from West 
Pakistan to Burma, southwestern China on to 
southern Indo-China (Cambodia). In West Paki- 
stan and India, it occurs commonly in the sub- 
Himalayan tract from Ravi River (Long. 75° 30’ 
E.) eastward, ascending to 4,000 feet [1,220 m] 
altitude. 


12 Made from herbarium materials by the modified Juel method. 


» Google 


BOTANY OF CITRUS 


This species is a small tree reaching a 
height of 25 to 30 feet (7.6 to 9.14 m); it grows 
commonly on dry hills or in dry jungles. It was 
said by Haines (1921, vol. 2, p. 163) to be “sub- 
deciduous at the time of flowering.” The wood 
is largely used in Bihar and Orissa, India, for cart 
axles. Several authors have stated that the spines 
are sometimes paired and that the leaves often 
have four pairs of leaflets. The inflorescences 
often bear from one to several foliage leaves at 
the base, and leaf spurs (Kurztrieben), with very 
short internodes, are often borne in the axils of 
the leaves of older twigs. The petioles of the 
leaves on such Kurztrieben are often more nar- 
rowly winged than the rachis segments of the 
same leaves and are sometimes almost wingless. 
The fruits are said by many authors to be very 
acid, but Haines (1921, vol. 2, p. 163) reported 
them to be “intensely bitter (not acid).”!8 Guil- 
laumin (1911, p. 660) spoke of the seeds being 
“immersed in a mucilage,” but no one seems to 
have realized up to now that the locules of the 
fruit contain rudimentary der ge Hespere- 
thusa crenulata produces a hard, close-grained, 
light yellow wood in India, and its leaves, fruits, 
and roots are used in making medicine in that 
country. According to Watt (1890, vol. 4, p. 642) 
the fruit is exported from India “to the Arabian 
coasts, where it is used as a condiment with fish, 
meat, etc., being powdered along with the spices 
commonly used in cooking.” 

Hesperethusa crenulata is promising as an 
ornamental because of its beautiful, feathery, 
green foliage (see fig. 3-23). Grafts of it on Citrus 
were still growing in the greenhouses of the 
Agricultural Research Service at Washington after 
20 years, although the union of the stock and 
scion was somewhat swollen. It can also be 
grafted on Swinglea glutinosa (the Philippine 
tabog), which belongs to the subtribe Balsamo- 
citrinae. 

GROUP B. THE NEAR-CITRUS FRUIT TREES 


This group includes two genera, Citropsis 
and Atalantia, that show well-developed pulp- 


13 Ripe 


301 


vesicles having broad sessile bases and conical 
sides that taper regularly to the acute apices. 
These pulp-vesicles are arranged more or less ra- 
dially with the bases at the periphery of the fruit 
locules attached to the dorsal walls of the locules 
and imbedded in the inner layer of the rind. The 
conical pulp-vesicles usually point toward the 
center of the fruit unless deflected by the seeds, 
which (if present) are attached at the inner angle 
of each locule. The genus Citropsis, native to 
tropical and subtropical Africa, has eleven spe- 
cies, all but one with pinnate or trifoliolate leaves 
resembling in several important characters those 
of the genus Hesperethusa of group A; Atalantia, 
native to southeastern Asia (including Ceylon), 
likewise has eleven species, but all have unifolio- 
late or simple leaves much resembling those of 
Citrus of group C in size and shape but differing 
in their more leathery texture and finer venation. 

Both Citropsis and Atalantia are obviously 
related to the True Citrus Fruit Trees of group 
C, and some three species of Citropsis and two 
or three species of Atalantia (all that have been 
tested) can be grafted on Citrus, and vice versa. 
These two genera are intermediate in character 
between the Primitive Citrus Fruit Trees of 
group A and the True Citrus Fruit Trees of group 
C; like the genera in group A they contain many 
obvious connecting links between Citrus and the 
Minor Citroid Fruit Trees of the subtribe Tri- 
phasiinae. 


XIX. Citropsis (Engl.) Swing. & M. Kell. 


XIX. Citropsis (Engl.) Swing. & M. Kell. 
Jour. Agr. Res. 1:421. 1914. Limonia Sec. Citrop- 
sis Engler, Die Nat. Planzenfam. 3(4):189. 1896. 

Type species.—Limonia preussi Engl. (from Ele- 
phant Lake, Cameroons) = Citropsis articulata (Willd.) 
nibs & M. Kell. (ranging from Togo to Cameroons and 
to Belgian Congo). 

Distribution—Not uncommon from Uganda to 
Nigeria and Sierra Leone, and south to Republic of the 
Congo, Angola, and Mozambique. 

Common name.—African cherry-oranges. 

A genus of Near-Citrus Fruit Trees found in tro 
ical Africa. Shrubs or small trees with 1 or 2 well-devel- 


fruits of H. crenulata that Swingle picked on May 30, 1939, from a tree growing at the Horticultural Ex- 


periment Station at Deodoro near Rio de Janeiro (a plant which Swingle had sent to Brazil through Snr. Felisberto de 
Camargo about ten years before), were very bitter, not sour. Probably the oft-recurring statement that the fruits of this 
species are “very acid” stems from the general but improper attribution to it of the name Limonia acidissime L., a name 
originally applied by Linnaeus to a very different plant, the wood apple, here called Feronia limonia (see p. 416), the 
fruit of which is said to have “a strong acid-sweet taste” and to make excellent jelly. 

14 Some of the species of Aiatintla such as A. ceylanica, have fruits with very few pulp-vesicles, apparently 
because the seeds have become very large and fill the locules of the fruit almost completely, leaving little room for pulp- 
vesicles. These species constitute the a enus Rissoa. Another species, A. guillaumini, which has much resemblance to 
A. ceylanica, seems to have no pulp vesicles it has perhaps lost them by retrograde evolution. 
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oped dpe (C. angolensis is said to be spineless) in the 
axils of the leaves; leaves pinnate, sometimes 3-foliate, 
rarely 1-foliolate (simple in C. tanakae); rachis and petiole 
cually broadly winged (wingless in C. le-testui), Howers 
4- or 5-merous, usually in dense axillary clusters or short 
racemes; stamens twice as many as the petals, filaments 
free, flattened laterally and in some species cohering 
laterally at the base in groups; ovary with 4 or 5 locules, 
each with a single ovule; fruit spherical, small (2-3 cm 
diam.), with pulp-vesicles broad at the base where they 
are attached aad tapering to an acute tip; seeds large 
(10 x 6 X 4mm); cotyledons hypogeous in germination. 

This genus is certainly closely related to 
Citrus, in spite of the fact that all but one spe- 
cies of Citropsis have pinnate or trifoliolate 
leaves. It belongs, along with Atalantia, to group 
B, the Near-Citrus Fruit Trees, of the subtribe 
Citrinae. Both of these genera have small, sub- 
globose fruits, 1.5 to 3 cm in diameter, with 3 to 
5 locules, in which occur broad-based, sessile, 
conical, radially arranged pulp-vesicles. All the 
species of Citropsis have leaves, or leaflets, very 
similar to those of Citrus in shape, venation, and 
texture, whereas the leaves of the species of 
Atalantia are thick, more leathery, and much 
more veiny than those of Citrus. 

The seeds of Citropsis are plump and 
broadly ovoid with a very hard, smooth testa. 
The hilum is an oval or ovate aperture bordered 
by the incurved testa, which is here very hard 
and thick. No other genus of the subtribe Citrinae 
has seeds as plump and as hard-shelled. The 
flowers of Citropsis differ greatly in the various 
species with respect to size and proportion of 
parts, and especially with respect to the mor- 
phology of the pistil. The leaves differ even more 
than the flowers in the different species, but for- 
tunately for the taxonomist the leaf and flower 
characters are not closely correlated; that is, a 
pair of species having very similar leaves, like 
C. schweinfurthii and C. angolensis, may show 
easily recognized differences in the flowers. Ci- 
tropsis schweinfurthii and C. gilletiana have simi- 
lar flowers, with only slight differences in the 
pistil, but very different leaves. 

The species of Citropsis look like missing 
links, i.e., surviving forms of the remote ancestors 
of Citrus and may, in fact, be such forms that 
migrated tens of millions of years ago from the 
southeastern Asiatic homeland of the tribe Cit- 
reae and found safe and congenial refuge in the 
tropical forests of Africa, where they have per- 
sisted with little change ever since. Once safely 
in Africa, the ancestors of Citropsis were freed 
from competition with the numerous species of 
related genera of the subtribe Triphasiinae as 
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well as from the danger of hybridization with 
vigorous new genera that evidently arose in rapid 
succession in southeastern Asia and the East 
Indian Archipelago. Thanks to this age-long iso- 
lation, even today the leaflets of Citropsis (and 
especially the unifoliolate leaves of certain forms 
of C. gabunensis) resemble very closely the leaves 
of Citrus (and doubtless those of the common 
ancestor of Citrus and Citropsis) in shape, tex- 
ture, venation, and color. That this resemblance 
of the leaves is no mere analogy is proved by the 
fact that the species of Citropsis, so far as they 
have been tested, graft readily on Citrus, and 
vice versa. Citropsis and Pleiospermium are the 
two genera that most nearly represent today the 
remote ancestors of Citrus. 

The species of Citropsis are all native to 
tropical and subtropical Africa, from Sierra Leone 
to Angola on the west coast and from Uganda 
south to Mozambique in East Africa, as well as 
to many, if not all, of the regions of central Africa 
lying between. As this immense territory includes 
vast areas still only inadequately explored, it is 
highly probable that several, perhaps many, more 
species of Citropsis will be discovered in the 
future. 

A striking proof of the inadequacy of our 
botanical exploration of tropical Africa is shown 
by the fact that, of the eleven species of Citropsis 
here recognized, eight were discovered after 1900 
and five of these after 1920. The last three species 
to be found—C. gilletiana, C. tanakae, and C. 
daweana—were described as recently as 1940! 
The two last-named are strikingly different from 
all the other known species and from each other. 
They are not mere small species made by split- 
ting large species, but are new and aberrant 
members of the genus, which when better 
known may need to have new subgenera made 
to include them. One subgenus, Afrocitrus, has 
already been named to include three allied spe- 
cies, all growing in western tropical Africa. 

In the Congo, it was found that Gillet’s 
cherry-orange, C. gilletiana, the most vigorous 
species in the genus, growing to be a tree 10 
meters high, could be used to advantage as a 
rootstock for cultivated varieties of Citrus be- 
cause of its resistance to foot rot (very injurious 
to cultivated varieties of Citrus there). This spe- 
cies proved to be an even better rootstock than 
the sour orange for the orange, the mandarin, 
the pummelo, and the lemon (see p. 308). It is one 
of the more important rootstocks for Citrus found 
in this century. 
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In view of the beauty of their foliage, the 
refreshing fragrance of their flowers, and the 
attractive aroma of their tiny fruits, coupled with 
their rapid growth and free flowering while still 
small trees, an effort should be made to test all 
the species of Citropsis as greenhouse ornamen- 
tals in the cooler climates and as out-of-door 
ornamentals in subtropical regions. Keys to the 
subgenera and species of Citropsis are presented 
below. 


Subgenus Citropsis 


Subgenus Eucitropsis Swing. & M. Kell. 
Jour. Arnold Arbor. 21:125. 1940. 

Type.—C. Schweinfurthii. 

Leaflets usually large, petioles and rachis seg- 
ments broadly winged; ovary ovoid without a single large 
oil gland at the top of each locule; stigma medium-sized, 
depressed-globose, without large oil glands; staminal fila- 
ments glabrous. 

Most of the species of this subgenus have 
large leaves, and three of them, C. articulata, 
C. gilletiana, and C. latialata, have leaves and 
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leaflets larger than those of any other members 
of the tribe Citreae except possibly the palmately 
trifoliolate leaves of certain species of Luvunga. 
The species of this subgenus are rather sharply 
distinguished from those of the subgenus Afro- 
citrus by the ovary and stigma characters. 

1. Citropsis schweinfurthii (Engl.) Swing. 
& M. Kell. Jour. Agr. Res. 1:426. 1914. Limonia 
schweinfurthii Engl. Notitzbl. Bot. Gart. Berlin 
1:28. 1895. Illus. Swingle & M. Kellerman, loc. 
cit. figs. 1-2, 4(C)-7, pl. 49; Swingle, in Bailey, 
Stand. Cycl. Hort. 2:780, fig. 972. 1914; Engler, 
Die Nat. Pflanzenfam. 19a:348, fig. 158, K (copy 
of fig. 4, C above). 1931; fig. 3-24 this work. 

Type.—Uando, northwestern Uganda (Schwein- 
furthii, No. 3656, 1870). Herb. Bot. Mus., Berlin-Dahlem. 

Distribution.—Northeastern tropical Africa, north- 
western Uganda, and northeastern Republic of the Congo, 
at altitudes of 600-1,600 m. 

Common name.—Uganda cherry-orange. 

Small tree, ultimate branches at first angled, soon 
terete, often with single or paired spines 1-2.5 cm long; 


KEY TO THE SUBGENERA OF CITROPSIS 
A Leaflets usually large, not long-acuminate or caudate; petioles and rachis segments broadly winged; ovary not ex- 


panded at va by large oil glands..........2.... tees 
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AA Leaflets small or medium-sized, long-acuminate or caudate; petioles and rachis segments narrowly winged or 
wingless; ovary clavate or obovate, distended at top by very large oil glands, 1 over each locule. 


Subgenus Afrocitrus 

KEY TO THE SPECIES OF CITROPSIS 
A Leaves simple, petioles very short (3.5-4 mm), wingless, not articulated with the leaf blade. .............. 10) C. tanakae 
AA Leaves odd-pinnate, 3-foliolate, or 1-foliolate; petioles usually 2.5-8 cm long (only 1.2-2.2 cm in C. Daweana), ar- 
ticulated with: the leaf bladé>. sicze cco cieceic hc cesetreseeis ees cates wed serena wetsona ca rencaues aces ct Ce raved nak acadSceudadava Nu causehindeeeees B 
B Rachis segments wingless; petioles also wingless, terete, long (6-8 cm). ................-c::sseceseeeeeeseeeeeees 9) C. le-testui 
BB: ‘Rachis' segments: more: Or less With Qed :ic.closhs calc ccuseckscacensicese sean sa ve dacw tates hae soi sssa chia sate ta vann vests saeededeanateseatdeeneeests C 
C Petioles wingless, short (1.2-2.2 cm); rachis segments plainly winged. ......................0:::sesee+ 11) C. daweana 
CC Petioles winged, as well as the rachis ore eal Susie awed sumed ch ade sedtecentaaleg on cee Se elise a evens teguel ease coat c Re D 
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D Flowers small (10-13 mm diam.); flower pedicels very long and slender (7-11 x 0.4-0.6 mm); leaflets 
acuminate-caudate; fruits almost completely filled with plump seeds which prevent development of 
C e 


abundant pulp; staminal filaments pubescent. .....................:csccsceeeeeeeeeesssseeeeceesseenensenseeeees 7) C. 
[Fruits often seedless (sometimes 1-seeded), with abundant soft pulp of agreeable flavor; staminal fila- 
BVGTIES: IAD LOUIS 5: ccc 2 sc cscs cag heme ccd eaten etnenedenerne 7a) C. gabunensis var. lacourtiana] 
DD Flowers medium-sized or large (1.5-3 cm diam. ),. ..............:cccccccccssceceessccsssecsesssessssscecescccscccesssacscsseeseceeeees E 
E Ovary enlarged and 4-lobed at top by protuberant oil glands, 1 over each of the 4 locules; leaflets 
ACUI TTT CAC AUG scp socal ccs ca eee ee ssa asc Bo pana cs earewieca diet edek cheated beau ceed 8) C. zenkeri 
EE Ovary not enlarged or 4-lobed at top; leaflets not caudate. ..................c.. ce sseseeseceeceseeeeeeseeseeeenseeenes F 
F Pistil long (11-18 mm), style 3-4 times as long as the ovary, .................:.scsessceseeecesseeseneeeeeeees G 
G Ovary broad, 2.5-3 mm Wide... eee cece ceeeceeeeteeeeeeeceneeseeeeceeceeeeeeeteeees 3) C. articulata 
GG Ovary more slender, 1-1.2 mm wide.................2.:0.c:sccessssesesseseeeeeeeseseeneeteeeeees 4) C. mirabilis 
FF Pistil short (10-13 mm), style about 2-2.5 times as long as the ovary.............::::sssccsssssesseceeees H 
H Leaves very saree Deca fests OV att Ceca ates dc sccns dete relensetsiea ceed conueecaions eptueccueveeetes K 
K Leaves 5-foliolate; leaflets 6-15 x 2-7 cm, terminal one same size as adjacent later- 
@S; Distal. 9,.0=6 MaMy: LOM Ge sccee secs caus Sat cats eles ait ae cds eapsnoneei na xeensaooegens 6) C. latialata 
KK Leaves 3-5 foliolate, terminal leaflets 9-21 x 5-14 cm, laterals (always smaller than 
the terminal one) 7-17 X 4-9.5 cm; pisti] 10-13 mm long. .................. 5) C. gilletiana 
HH Leaves medium-sized; terminal leaflets narrow, more or less obovate, cuneate at base....... L 
L Style not expanded at base and usually attached at one side of top of ovary; disk 
cupulate; branches usually spiny.........0.20....c.c. cesses essceeeeeceeeeeeeeees 1) C. schweinfurthii 
LL Style expanded at base and attached to center of top of ovary; disk annular; 
DEANCMIUS SPIMCI CSS cun4 cp entsyseceindies tesa dens ans sseudendien tae entieat laa kdase macs 2) C. angolensis 
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Fig. 3-24. Citropsis schweinfurthii. Leaf and fruits. 


leaves medium-sized, 3-5-foliolate, 12-30 « 12-20 cm, 
leaflets oblong or lanceolate, tapering rather abruptly to a 
short, blunt acumen, cuneate at base, margins denticulate 
to subentire, terminal leaflets usually narrowly cuneate at 
base, 10-15.5 x 3-5.5 cm, lateral leaflets more broadly 
cuneate at base, 8-14 X3.5-5.5 cm, petioles broad] 
winged but usually slowly narrowed and rounded at bo 
ends, 5.5-10 x 2-3 cm, rachis segment similar in shape 
to petioles but shorter and narrower, 4-9 X 1.5-2.8 cm; 
inflorescences axillary, short (1-2 cm), many flowered, 
pedicels 2 mm long, 1 mm wide at base, gradually thicker 
upward and about 2 mm wide at base of calyx, flowers 
hits, fragrant, usually 4-merous, about 2.2-2.5 cm when 
fully expanded, calyx with 4 thick, short, blunt lobes, 
petals 4, 12-15 X 4-5 mm, broadly rounded at tips, sta- 
mens 8, 10-11 mm long, flattened and broad % of vay to 
top, 0.5 mm thick, 1.4-1.6 mm broad; disk 1 mm high, 3 
mm broad, surrounding narrowed base of ovary with a 
shallow (0.3-0.4 mm), thick-walled cup with small scat- 
tered oil glands on inside near base, pistil 10-11 mm long 
(including disk), ovary ovate, 4-locular, 2 mm high, 2.5 
mm wide, rounded at tip with style often (always ?) at- 
tached to one side of center of tip!, style short, stout, 
6-7 x 1.1-1.4 mm, expanded slightly at tip, stigma 
cushion-shaped, 0.9-1.1 mm high, 2-2.5 mm wide, 4- 
lobed at tip, with very small oil glands between stylar 
canals; fruits subglobose, lemon-yellow when ripe, fra- 
grant, 2-2.2 cm diam., locules filled with numerous, ses- 
sile pulp-vesicles that occupy all free space, seeds slightly 
roughened, 9-12 x 7-8 mm, monoembryonic. 

Citropsis schweinfurthii was grown for 
many years in the United States and thrived in 


the Washington greenhouses of the U.S. Depart- 
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ment of Agriculture, where it flowered profusely 
and set fruit freely while still a small tree. The 
leaflets are narrower than those of most of the 
other species except the related C. angolensis of 
Angola and the very different C. daweana of 
Mozambique. The leaflets of the Uganda cherry- 
orange show 6 to 8 lateral veins, slightly elevated 
below and slightly depressed above. The surface 
of the leaflets is nearly plane. The fruits of C. 
schweinfurthii are often borne in clusters of two 
to five on short axillary inflorescences; they are 
almost spherical or very slightly flattened at the 
top and 22 to 25 mm in diameter. The peel is 
very thin, 1 to 15 mm thick. The ripe fruit 
ranges in color from Empire yellow to Apricot 
yellow (Ridgway, 1912, pl. 4). The pulp, when 
seen in cross section, is straw yellow, amber yel- 
low, or even mustard yellow (Ridgway, 1912, pl. 
16) near the peel. The pulp-vesicles fill all the 
space in the cells of the ovary not occupied by 
the plump seeds, of which 1 to 4 may develop, 
never more than one in each locule. The pulp- 
vesicles contain in their center a long column 
of oil droplets, irregular in diameter and not 
sharply delimited. The oil droplets are extremely 
variable in size, though most of them are small. 
The mawkish taste of the pulp is doubtless due 
to these droplets of oil. 

The Uganda cherry-orange can be grafted 
readily on Citrus (Swingle and M. Kellerman, 
1914, p. 435, pl. 49). It can also be made to 
grow, but less vigorously, when grafted on the 
wood apple, Feronia limonia, or on the Philip- 
pine tabog, Swinglea glutinosa. It is well worth 
growing as an ornamental in the greenhouse, as 
it not only has handsome foliage, but also bears, 
for months at a time, a great profusion of white 
bloom looking much like orange flowers, with a 
strong but agreeable odor about midway between 
that of citrus flowers and that of the North Amer- 
ican wild plums (Prunus americana and other 
species). 

2. Citropsis angolensis Exell, Jour. Bot., 
Brit. & For. 65(Suppl. 1):53. 

Type.—Angola, Amboine (Grossweiler, No. 4454). 
Herb. Brit. Mus. Fragments and serial microtome sections, 


S. and T. Nos. 273-A, 273-B, and 273-C, 12 slides, in 
Herb, Natl. Arbor., Washington, D.C. 

Distribution—Known with certainty only from 
the type locality. 

Common name.—Angola cherry-orange. 

The original rata Seay by Exell reads as fol- 
lows: “A tree with brown branchlets; leaves trifoliolate, 
leaflets elliptical or obovate, cuneate at base, margins 
remotely and irregularly crenate, glabrous on both sur- 
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faces, petioles broadly winged, elliptical; flowers pedicel- 
late, pedicels glabrous, in clusters in the axils of the 
leaves; sepals 4, triangular, small; petals 4, oblong, imbri- 
cate, rounded at the tips; stamens 10, filaments free, flat- 
tened, glabrous; ovary 4-locular, style scarcely thickened 
at the base. 

“A tree, total height 15 feet [4.6 m]; shortly 
branched from the base. Leaflets 8-12 x 4-6 cm; petiole 
7-8 x 2.5-3 cm; pedicels 5-7 mm long; petals 12-14 x 
5-6 mm; filaments of stamens 8-9 mm long; anthers 4 mm 
long affixed near the base; ovary 4 mm long and 2.5 mm 
in diam., style 6 mm long; young fruits 8 xX 5 mm. 

“The species is nearest to C. Schweinfurthii 
(Engl.) Swing. and M. Kell., but has rather longer pedicels 
and a slightly longer and slenderer style—it is, moreover, 
apparently devoid of spines.” 

The two flowers from the type specimen 
were kindly donated to Swingle by the Curator 
of the Herbarium of the British Museum. A 
nearly mature flower bud was cut into several 
hundred serial microtome sections (both cross 
and longitudinal) and a fully mature flower from 
which the petals and stamens had just fallen was 
restored to natural state and photographed. The 
following characters were observed: 

Pistil slender, 1.2 cm long, with a very slender 
style, 6 mm long, borne on a slender pedicel, 0.7 mm 
diam. at base and 1 mm diam. at top; calyx very small 
(2.3 mm diam.), lobes triangular, acute, with several (2 or 
3) small oil glands near the tip; stamens free, filaments 
flattened, anthers 3-3.5 mm long, apparently without an 
oil gland near the tip; disk small, 1 mm high, 1.3-1.5 mm 
wide, and nearly cylindrical on mature, dry flowers, but 
bulging to 1.8 mm at mid-height in nearly mature flower 
buds (and on a restored mature pistil), not cupulate and 
not enclosing the ovary base; ovary truncate-fusiform 
(ellipsoid), 3.5(-4 ?) mm high, 1.3 mm wide at base, 1.8 
mm wide in middle in dry flowers (2-2.5 mm wide on a 
fully restored mature pistil), 4-locular, narrowed at tip and 
merging gradually into style base; style slender, 6 mm 
long, 0.8-1.3 mm wide, expanded rather abruptly into 
the subglobose stigma which is 1.1 mm high, 1.6 mm 
wide when dry (1.2 mm high, 2 mm wide in restored ma- 
ture pe: with 1 or 2 small oil glands between the stylar 
canals, 

The flower characters of this species show 
clearly that, in spite of the general resemblance 
of its leaves to those of C. schweinfurthii, it is in 
fact a very distinct species, differing decidedly 
in its spineless twigs, in its longer ovary and its 
longer, more slender style arising from the center 
of the top of the ovary (not from one side as in 
C. schweinfurthii), and, even more strikingly, in 
its very different, noncupulate disk, which does 
not enclose the base of the ovary even to the 
slightest extent. 


This species of Citropsis can, as a matter 
of fact, be distinguished only with difficulty from 
C. schweinfurthii by any of the easily visible, 
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grosser characters of the leaves, flowers, or fruits 
and has in fact been considered by experienced 
taxonomists to be a mere synonym of it, not even 
worthy of being distinguished as a variety. At 
first glance the only distinguishing character is 
the absence of spines in C. angolensis and their 
abundance in C. schweinfurthii. However, when 
the flowers are studied critically, striking differ- 
ences appear which not only separate clearly the 
Angola cherry-orange from the Uganda species 
but also distinguish it from all the other known 
species of the genus Citropsis. 


3. Citropsis articulata (Willd.) Swing. & 
M. Kell. Jour. Agr. Res. 1:433. 1914. Citrus artic- 
ulata Willd. in Spreng., Syst. Veg. 3:334. 1826; 
Limonia preussii Engl. Notitzbl. Bot. Gart. Berlin 
1:28. 1895; Citropsis preussii (Engl.) Swing. & 
M. Kell. Jour. Agr. Res. 1:423. 1914. Illus. Swin- 
gre & M. Kellerman, loc. cit. P 424, fig. 3; p. 425, 
g. 4, A; Engler, Die Nat. Pllanzenfam. 19a:348, 
fig. 158, F, G, H. 1931. 


Type.—In the mountains 50-75 km north of Ac- 
cra (Isert. 1786). Herb. Bot. Mus., Berlin-Dahlem. 


Distribution Ghana, Togo, Cameroon, Repub- 
lic of Congo (?). This species, widely spread in tropical 
West Africa, is everywhere a shrub, according to Engler 
(1931, p. 347). 

Common name.—West African cherry-orange. 


A shrub or small tree with solitary axillary spines, 
0.5-2 cm long, even on fruiting branches; leaves large or 
very large, 15-33 x 8.5-25 cm, leaflets broadly oval or ob- 
long-lanceolate, 13-19 x 7.5-10.5 cm, sounded at apex and 
abruptly narrowed into a blunt acumen often very short 
(3-5 mm) but sometimes longer (8-12 mm) and acute at 
the very tip, broadly or narrowly cuneate at base, lateral 
leaflets slightly srnalles than the terminal one, 10.5-15 X 
5-7.5 cm, apex like that of terminal leaflets but base more 
broadly cuneate or rounded, margins serrulate or shallowly 
crenulate, petioles 5.5-8.5 x 1.7-3.5 cm, narrowly ellipti- 
cal, usually narrowed at both ends but sometimes broader 
at the tip or even obovate (as in the type specimen); in- 
florescences about 3 cm ne (14-14 as long as the petiole); 
flowers white, 4-merous, calyx 4 mm wide, lobes triangu- 
lar, acute, petals 4, linear-oblong, 18 x 4 mm, stamens 8, 
filaments 8 X 1 mm, anthers 3.5 mm long, affixed near 
the base, disk 1 mm high, ovary 4-locular, ovoid-acumi- 
nate, 3-4 mm high, 2.5 mm wide, style long (12-15 mm), 
slender, expanding gradually and merging with top of 
ovary, stigma subglobose, 2.5 mm diam., 4-lobed; fruits 
subglobose with a truncated, conical style base, 1.5-2 mm 
long, persisting at apex. 

This was the first species of Citropsis to 
be described. It was discovered by P. E. Isert, 
who called it a new species of lemon with jointed 
leaves: “une nouvelle espéce de citroniers avec 
des feuilles articulées.” One of Isert’s specimens 
was sent to the herbarium at Berlin, and Willde- 


now named it Citrus articulata in 1826, but did 
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not describe the flowers, which had perhaps 
fallen off the “many-flowered peduncles” he men- 
tioned. In 1895, Engler proposed as a new spe- 
cies Limonia preussii, found growing on the 
shores of Elephant Lake in what is now Cam- 
eroon. The desctintion was the first full and 
accurate one published of a Citropsis. 


The very defective type specimen of Ci- 
tropsis articulata, consisting of a short twig and 
two petioles in the Berlin-Dahlem herbarium, is 
all that is known to be extant of Isert’s material. 
This type specimen, when studied by Willdenow, 
must have been more complete than it is now, 
for his original description reads, in translation: 
“C.[itrus] with large, articulated, obovate, leaf- 
like petioles, leaves oblong, peduncles many- 
flowered.” No inflorescences are now to be seen 
and no leaves (or leaflets). Possibly, however, 
Willdenow mistook detached oblong petioles for 
leaves. However, Engler (1915, p. 758), who had 
access to the type specimen of Citrus articulata 
and abundant material of his own species, Li- 
monia preussii, said: “. . . indeed I cannot avoid 
combining my Limonia preussii [with Citropsis 
articulata] as the width of the petiole wing shows 
no specific differences.” 

Engler gave C. articulata a very wide 
range, from the type locality north of Accra in 
modern Ghana through near-by Togo (Koli near 
Kame) east to what is now Cameroon (Elephant 
Lake, type locality of Limonia preussii) and south 
to the present-day Republic of Congo (Brazza- 
ville) and the Republic of the Congo (Leopold- 
ville) (including Limonia demeusii De Wild. and 
L. poggei Engl., of which the flowers are not yet 
known). Future study of flowering material is 
needed, however, to determine whether C. artic- 
ulata has so wide a range or not. 

For the present, Engler’s view concerning 
the identity of C. articulata is accepted, but flow- 
ering specimens from the type locality he 
even show it to be identical with C. mirabilis, 
native to the Ivory Coast, adjoining Ghana to 
the west, in which event the name C. preussii 
would be applied to what is here called C. 
articulata. 


Citropsis preussii, here considered as syn- 
onymous with C. articulata, is a shrub with at 
large leaves, nearly as large as those of C. gil- 
letiana, which grows to be a tree sometimes 10 
meters high. 

4. Citropsis mirabilis (A. Chev.) Swing. & 
M. Kell. Jour. Agr. Res. 1:432. 1914. Limonia 
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mirabilis A. Chev. Bul. Soc. Bot. France 58 (mem. 
8d):144. 1912. Illus. Swingle & M. Kellerman, 
loc. cit. p. 425, fig. 4, B (pistil only); Engler, Die 
Nat. Pilanzenfam. 19a:348, fig. 158, J (copy of 
above). 1931. 


Type.—West Africa, Ivory Coast, between Sanroa 
and Quode on Koué River (an affluent of the Sassandra 
River) (Chevalier, 1909, No. 21609). Herb. Chev., Paris. 


Distribution West Africa: Ivory Coast. Up to 
now this species was known only from the type locality. 


Common name.—lIvory Coast cherry-orange. 


A much-branched and very spiny shrub, 2-5 m 
high, aig ied glabrous, spines 2-4 cm long; leaves 3-5- 
foliolate, leaflets oblong or broad-elliptical, 9-16 x 5-9 
cm, the terminal leaflet larger than the lateral ones, apex 
narrowed into a short, blunt acumen, base cuneate or 
broadly rounded (when the terminal leaflet is bore 
singly on a short rachis segment, as in some 3-foliolate 
leaves); inflorescences small (5-10-flowered), axillary 
racemes, 2-3.5 cm long, faite slender, 3-5 mm long, 
0.5 mm wide at base and gradually expanding to 1 mm 
diam. at top; flowers white, 4- (rarely 5-) merous, sepals 
oe 1 mm long, petals linear, 13-15 x 4-5 mm, soon 

alling, stamens free, filaments flattened, disk very short 
(0.5 mm), forming a loose, very shallow cup (0.2-0.3 mm 
deep) at base of ovary, pistil in fully developed flowers 
11-13 mm long (including disk), ovary slender, 2-2.5 x 
1-1.2 mm, style 6-9 mm long, slender at base (0.2-0.3 mm 
diam.), gradually expanding upward to 0.6-0.7 mm at top, 
stigma 0.5-0.8 mm high, 1-1.2 mm wide, 4-lobed, with 
2 small oil glands in each space between stylar canals; 
fruits (only immature seen) bore on pedicels. 

This species much resembles C. articulata, 
differing chiefly in the somewhat shorter style not 
expanding at the base and not merging into the 
top of the ovary. Possibly C. mirabilis, when bet- 
ter understood, will be ranked as a variety of 
C. articulata occupying the westernmost part of 
its wide range. 

5. Citropsis gilletiana Swing. & M. Kell. 
Jour. Arnold Arbor, 21:116, 1940. Illus. “W. G. 
S[mith (?)],” Gard. Chron. 3 ser. 53:378, fig. 159. 
1913; Goossens, Bul. Agr. Congo Belge 15:161, 
ng. 45. 1924; Swingle & M. Kellerman, loc. cit. 
pl. 1, figs. 1-7; pl. 2, figs. 1-5; fig. 3-25 this work. 

Type.—Washington, D.C., Bureau of Plant In- 
dustry greenhouse, tree grown from seeds sent by Pére J. 
Gillet from type locality, Kisantu, Belgian Congo (Swingle, 
C.P.B. No. 7800 G = P.E.I. No. 109622), flowering 
branch; also several paratypes of leafy shoots, flowering 
and fruiting branches, fruit, etc., cut from type tree; pho- 
tographs and serial microtome sections S. and T. Nos. 
501-A, 501-B, 501-C, and 501-D, 40 slides with 1,339 
sections from type tree, in Herb. Natl. Arbor., Washing- 
ton, D.C. 

Topotypes.—Belgian Congo, Kisantu, Jardin Bo- 
tanique (J. Gillet); 2 branches with very young fruits, 
March 5, 1913, in Herb. Natl. Arbor., Washington, D.C. 

Distribution.—Reported (Goossens, 1924, p. 162) 
from Ubangi and Equateur regions of northwestern Bel- 
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gian Congo (now Republic of the Congo) and cultivated 
at the Jardin Botanique d’Eala. 

Common name.—Gillet’s cherry-orange. 

Tree 8-10 m tall, young branches glabrous, 2.5- 
4 mm diam., internodes 2-6.5 (usually 3.5-4.5) cm long, 
spines slender, acute, 2-5 cm long, solitary or in pairs; 
leaves very large, 3-5-foliolate, 16-37.5 x 10-36 cm, 
terminal leaflets 9-21 xX 5-14 cm, lateral ones (always 
smaller than the terminal) 7-17 x 4-9.5 cm, petioles KE 
ovate, 6-10 X 3.5-7.2 cm, rachis segments (1 or 2) ellipti- 
cal or obovate, 3.5-9.5 x 1.5-7.5 cm (usually 3.5-6 X 
1.54 cm); inflorescences racemose, axillary, short, 5-12 
mm long, flower pedicels 3-5 mm long; flowers white, 
numerous, about 2.5 cm diam., but often opening incom- 
pletely because densely crowded in short inflorescences 
4-parted, calyx lobes triangular, acute, 2 x 2 mm, petals 
16-18 X 4.5-5.2 mm, stamens 8, filaments glabrous, flat- 
tened, free, disk 0.8-0.9 mm high, 2.2-2.4 mm wide, 
cupulate (0.3 mm deep), pistil fintacling disk) 10-13 mm 
long, ovary ovoid or barrel-shaped, 3.5-4 x 2.5-3 mm, 4- 
locular, locules with 1 ovule, style 4.5-6 x 1.2-1.3 mm, 
stigma depressed globose, 1.2-1.3 mm high, 2.5 mm wide; 
fruits subglobose, 24-25 mm diam., with pedicels 7-9 mm 
long, lemon-colored when ripe, peel thin (1-1.5 mm), 
locules with very numerous pulp-vesicles filled with gran- 
ules of yellowish wax; seeds white, smooth, usually 2-3 
(often none), ovoid, 9.5-10 x 5-6 mm, testa very hard, 
hilum ovate, 1-2 mm diam. with smooth edges, monoem- 
bryonic. 

The type tree of C. gilletiana was grown 
in the citrus greenhouse of the former Bureau of 
Plant Industry from seeds received from Pére 
Gillet in March, 1913. Unlike C. schweinfurthii, 
growing alongside in the greenhouse, the young 
tree did not flower for many years and then only 


sparingly; later it flowered and fruited profusely. 
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The type tree produced enormous leaves, both 
trifoliolate and 5-foliolate. A  trifoliolate leaf 
at the base of a vigorous water sprout was 
28.5 cm long and 31 cm wide. The terminal leaf- 
let measured 20.5 by 14 cm, the two lateral 
leaflets 16.5 by 9.5 cm. The largest leaflets have 
7 to 10 principal lateral veins, raised on the 
under surface and sunken on the upper surface. 
The surface of the leaflet is usually more or less 
bullate because of the upward curving of areas 
of the leaf surface limited by the principal lateral 
veins and their cross veinlets. The winged petiole, 
cordate in outline, measured 8.5 by 7.2 cm. A 
large 5-foliolate leaf higher up on the same shoot 
measured 37.5 cm long and 36 cm wide; the ter- 
minal leaflet (somewhat deformed) was 18 by 
10 cm. The two higher lateral leaflets were 18.5 
to 19 by 10.5 to 11 cm. One of the lower leaflets 
measured 16 by 10.25 cm (the other was imper- 
fect). The elongate-elliptical winged rachis seg- 
ments measured 9.5 by 4.5 cm, the elliptical 
winged petiole about 10 cm long and about 7.5 
cm wide (one side defective). These are the larg- 
est leaves yet reported on either a Near-Citrus or 
a True Citrus Fruit Tree, though they are greatly 
exceeded in size by the leaves of some species 
of Clausena. 

In trifoliolate leaves, the terminal leaflet is 
usually decidedly longer than the adjoining lat- 
erals and frequently much wider, from one-fourth 
to one-third or even more; when the terminal 





Fig. 3-25. Citropsis gilletiana. Left, fruit and 5-foliolate leaf. Right, fruit cluster. (Photos by W. P. Bitters.) 
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leaflet, as often happens, is borne on a separate 
winged rachis segment, it is sometimes even 
two-fifths wider. 

The stigma in cross section shows eight 
small oil glands (two between each pair of stylar 
canals). The fruits are often crowded, three to 
six in a dense cluster in the axils of the leaves 
of the fruiting branches; they are usually sub- 
globose, 2 to 2.5 cm in diameter, but are some- 
times depressed-globose, 2 cm long and 2.3 to 
2.4 cm wide; they become yellow-orange and are 
fragrant when ripe (see fig. 3-25). 

Gillet’s cherry-orange, the largest and most 
vigorous of all the known forms of the genus 
Citropsis, has been de erke by Belgian expert 
horticulturists and pathologists (Goossens, 1924, 
pp. 156-62, figs. 42-45; Staner, 1929, pp. 364-66, 

g. 170; and Pynaert, 1935, pp. 305-14), on the 
basis of experiments carried out at the Eala 
Botanic Garden near Equatorville in Belgian 
Congo (now the Republic of the Congo), to be 
immune to a very destructive form of foot rot, 
supposed to be caused by the brown-rot fun- 

s (Phytophthora citrophthora), that attacks the 
ower trunks and upper roots of the species of 
Citrus grown in the Congo, including the sour 
orange, Citrus aurantium, usually found to be 
very resistant to foot rot (see Fawcett, 1936, p. 
177). It appears that in the Congo foot rot is 
aes aggravated in severity by the larvae of a 
ongicorn beetle, Monohammus sp. (see Goos- 
sens, 1924, p. 159, and Staner, 1929, pp. 365-66), 
which ake first the cambium layer and later 
the wood of the base of the trunk. Citropsis 
gilletiana, besides being immune to the attacks 
of the foot-rot fungus, is not attacked by this 
beetle. It has been found that Gillet’s cherry- 
orange makes an excellent rootstock for the culti- 
vated varieties of sweet orange, mandarin, grape- 
fruit, and lemon, which were all found to grow 
more vigorously when grafted on Gillet’s cherry- 
orange than on sour orange rootstocks. Further- 
more, citrus trees grafted on Gillet’s cherry-orange 
rootstocks were completely immune to the Mono- 
hammus beetle and also to foot rot, provided 
the Gillet’s cherry-orange stocks were grafted 
high enough above the ground to prevent infec- 
tion from the soil. 

Pynaert (1935, p. 313) reported that the 
native Citropsis growing about the Eala Botanic 
Garden in Belgian Congo had been introduced 
into Belgium, dnd that a Jaffa orange grafted on 
a plant of Citropsis growing in a greenhouse of 
the Colonial Garden at Laeken, Belgium, had 
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made a particularly vigorous growth and in 1935, 
when still only 2 meters high, had produced a 
number of fruits. An excellent half-tone figure 
of the wild Citropsis found near the Botanic 
Garden in Belgian Congo, published by Goossens 
(1924, p. 161, fig. 45), shows clearly that this 
cherry-orange is the same as the one sent to 
Swingle by Pére Gillet from Kisantu, about 700 
kilometers down the Congo River from Eala. It 
has the terminal leaflet distinctly larger than the 
laterals, agreeing with C. gilletiana (but not with 
C. latialata). Goossens reported that near Eala 
this Citropsis is a tree growing to a height of 
8 to 10 meters (26 to 33 feet) that bears tiny, 
orange-like fruits, 2 to 2.5 cm in diameter, with 
a resinous, fragrant pulp in which three or four 
seeds are imbedded. The fruits produced by the 
type tree of Gillet’s cherry-orange growing in 
the citrus greenhouse at Washington agreed very 
closely with those described by Goossens, and 
the foliage, spines, and fruit clusters of this type 
tree resembled exactly what is shown in Goos- 
sen’s photograph of the Citropsis growing wild 
about Eala. 

6. Citropsis latialata (De Wild.) Swing. & 
M. Kell. Jour. Wash. Acad. Sci. 28:533. 1938. 
Limonia poggei var. latialata De Wild. Ann. Mus. 
Congo Bot. 5 sér. 1:160. 1904. Illus. De Wilde- 
man, loc. cit. pl. 43; Swingle & M. Kellerman, 
Jour. Arnold Arbor. 21: pl. 2, figs. 6-10. 1940; 
fig. 3-26 this work. 

Type.—Ikongu village, Sankuru River basin, Lua- 
laba-Kasai district, south-central Belgian Congo (L. Gentil. 
No. 1). Herb. Jard. Bot. l’Etat, Brussels; photographs and 
serial microtome sections, S. and T. No. 397-A, slides 1-6, 
429 cross sections, and No. 397-B, slides 1-2, 26 longitu- 


dinal sections of a mature flower from the type specimen, 
in Herb. Natl. Arbor., Washington, D.C. 


Distribution —Known with certainty only from 
the type collection. 


Common name.—Ikongu cherry-orange. 


De Wildeman’s original French description of 
Limonia poggei var. latialata reads, translated, as follows: 
“Shrub 3-4 m tall, with slender, cylindric branches, with 
imparipinnate leaves, having 2 pairs of lateral leaflets. 
Leaves distant 1-5 cm from each other, with the petiole 
and rachis winged; petioles 3-8.5 cm long and 1.5-5 cm 
broad, upper [pair of] leaflets distant 2-8.5 cm from the 
lower [pair of] leaflets; rachis reaching 4.5 cm in width. 
Leaflets oblong, narrowed into a very short petiolule at 
the base, cuneate at the apex and at the base, the midrib 
dividing the leaflet in 2 more or less unequal parts. Leaf- 
blades 6-15 cm long and 2-7 cm wide, irregularly dentic- 
ulate on the margins; the terminal leaflet regular, cunei- 
form at the base, of the same size as the lateral leaflets; 
axillary stipules changed into solitary or paired thorns, 
more or less developed, reaching 2.5 cm in length. 
Flowers white, with the odor of orange [flowers], in axil- 
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Fig. 3-26. Citropsis latialata. Five-foliolate leaf from 
type specimen (L. Gentil, No. 1), in herbarium of the 
National Botanic Garden, Brussels, Belgium. 


lary or terminal inflorescences; ovaries ovoid, terminated 
by a style twice as long, surmounted by a trilobed 


stigma.” 

A note states that the type material (L. 
Gentil, No. 1) was in flower when collected but 
“the petals fell off during the preparation.” Evi- 
dently the flowers were mature. 

A single flower from the type ae 
(see Swingle, 1940c, p. 120) was restored by the 
modified Juel method, imbedded in paraffin, and 
cut into serial microtome sections. First 26 longi- 
tudinal sections were cut until a section was 
obtained exactly through the center; then the 
paraffin block was turned at right angles and 429 
cross sections 20 » thick were cut, including the 
entire length of the pistil, disk, calyx, and pedicel. 
These sections give the following characters: 

Calyx is 4-merous, the lobes about 1.2 mm wide 
and 1.5 mm long, thick in the middle but with thin edges; 
disk shallow, cup-shaped, 0.3-0.4 mm tall and 1.1-1.2 
mm wide, pistil 6.4 mm tall, including the short (1 mm), 
very shallowly cupulate disk, ovary ovoid, 1.8 mm tall and 
1.6 mm wide, merging rather abruptly into the style, 
which is 0.8 mm diam. at the junction with the ovary and 
nearly 1 mm diam. at the stigmatic junction; stigma 
cushion-shaped, 1.5 mm wide and 0.5-0.6 mm high, 
more or less 4-lobed, with 4 medium-sized oil glands be- 
tween the 4 stylar canals. 

Thanks to the generous loan by Dr. W. 
Robyns, director of the National Botanic Garden 
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at Brussels, of one of the very few flowers of the 
type specimen, it was possible to clear up the 
long-standing confusion of this species with C. 
gilletiana, from which it can now be clearly dis- 
tinguished by many characters of high taxonomic 
value in this genus. Citropsis latialata is a shrub 
only 3 or 4 meters tall instead of a tree 8 to 
10 meters high, it has somewhat narrower leaflets 
and the terminal leaflet is of the same size or 
only very slightly larger than the adjacent lateral 
leaflets (in C. gilletiana, on the contrary, the ter- 
minal leaflet is always larger than the lateral 
ones). The pistil of C. latialata is only a little 
more than half as long as that of C. gilletiana 
and has a decidedly shorter and much less deeply 
cupped nectary, as well as a more flattened stig- 
ma with fewer but larger oil glands. 

The long-standing confusion of these two 
species was due, without doubt, to the v 
scanty type material of C. latialata and the lack 
of any other material of this species from the 
type locality. De Wildeman’s excellent litho- 
graphic plate figuring the type specimen of 
C. latialata, natural size, shows five pistils in a 
close cluster at the end of a leafy twig. This 
is fully confirmed by a photograph of the type 
filed in the herbarium of the National Arboretum. 
These pistils must have been full grown, as the 
petals were in place when the material was col- 
lected, but fell off during the drying of the type 
specimen. As noted above, a single flower from 
the type specimen sufficed to distinguish clearly 
the two species C. latialata and C. gilletiana. 


Subgenus Afrocitrus 


Subgenus Afrocitrus Swing. & M. Kell. 
Jour. Arnold Arbor. 21:126. 1940. 

Leaflets small, acuminate or caudate at apex, 
petioles and rachis segments narrowly winged or inglos: 
ovary clavate or obovoid, with a single very large oil gland 
at the top of each locule; sane subglobose, distended 
by large oil glands; staminal filaments sparsely pubescent 
on inner side. 

The three species that constitute this sub- 
genus, Citropsis gabunensis (type of Afrocitrus), 
C. zenkeri, and C. le-testui, are easily distin- 
guished from all the other species of Citropsis 
by their long, acuminate leaves, narrowly winged 
or wingless petioles and rachis segments, and the 
striking ovary and stigma characters. 

Citropsis tanakae also has very small flow- 
ers borne on slender pedicels and very slender 
styles each ending in a subglobose stigma swollen 
by several large oil glands, all of which are 
characters very like those of the three species 
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not describe the flowers, which had perhaps 
fallen off the “many-flowered peduncles” he men- 
tioned. In 1895, Engler proposed as a new spe- 
cies Limonia preussii, found growing on the 
shores of Elephant Lake in what is now Cam- 
eroon. The description was the first full and 
accurate one published of a Citropsis. 


The very defective type specimen of Ci- 
tropsis articulata, consisting of a short twig and 
two petioles in the Berlin-Dahlem herbarium, is 
all that is known to be extant of Isert’s material. 
This type specimen, when studied by Willdenow, 
must have been more complete than it is now, 
for his original description reads, in translation: 
“C.[itrus] with large, articulated, obovate, leaf- 
like petioles, leaves oblong, peduncles many- 
flowered.” No inflorescences are now to be seen 
and no leaves (or leaflets). Possibly, however, 
Willdenow mistook detached oblong petioles for 
leaves. However, Engler (1915, p. 758), who had 
access to the type specimen of Citrus articulata 
and abundant material of his own species, Li- 
monia preussti, said: “. . . indeed I cannot avoid 
combining my Limonia preussii [with Citropsis 
articulata] as the width of the petiole wing shows 
no specific differences.” 

Engler gave C. articulata a very wide 
eee from the type locality north of Accra in 
modern Ghana through near-by Togo (Koli near 
Kame) east to what is now Cameroon (Elephant 
Lake, type locality of Limonia preussii) and south 
to the present-day Republic of Congo (Brazza- 
ville) and the Republic of the Congo (Leopold- 
ville) (including Limonia demeusii De Wild. and 
L. poggei Engl., of which the flowers are not yet 
known). Future study of flowering material is 
needed, however, to determine whether C. artic- 
ulata has so wide a range or not. 


For the present, Engler’s view concerning 
the identity of C. articulata is sea a but flow- 
ering specimens from the type locality might 
even show it to be identical with C. mirabilis, 
native to the Ivory Coast, adjoining Ghana to 
the west, in which event the name C. preussii 
would be applied to what is here called C. 
articulata. 

Citropsis preussii, here considered as syn- 
onymous with C. articulata, is a shrub with ve 
large leaves, nearly as large as those of C. gil- 
letiana, which grows to be a tree sometimes 10 
meters high. 


4, Citropsis mirabilis (A. Chev.) Swing. & 
M. Kell. Jour. Agr. Res. 1:432. 1914. Limonia 
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mirabilis A. Chev. Bul. Soc. Bot. France 58 (mem. 
8d):144. 1912. Illus. Swingle & M. Kellerman, 
loc. cit. p. 425, fig. 4, B (pistil only); Engler, Die 
Nat. Pflanzenfam. 19a:348, fig. 158, J (copy of 
above). 1931. 

Type.—West Africa, Ivory Coast, between Sanroa 
and Quode on Koué River (an affluent of the Sassandra 
River) (Chevalier, 1909, No. 21609). Herb. Chev., Paris. 

Distribution—West Africa: Ivory Coast. Up to 
now this species was known only from the type locality. 

Common name.—Ivory Coast cherry-orange. 

A much-branched and very spiny shrub, 2-5 m 
high, completely glabrous, spines 2-4 cm long; leaves 3-5- 
foliolate, feaflets oblong or broad-elliptical, 9-16 x 5-9 
cm, the terminal leaflet larger than the lateral ones, apex 
narrowed into a short, blunt acumen, base cuneate or 
broadly rounded (when the terminal leaflet is borne 
singly on a short rachis segment, as in some 3-foliolate 
leaves); inflorescences small (5—10-flowered), i 
racemes, 2-3.5 cm long, icels slender, 3-5 mm long, 
0.5 mm wide at base and gradually expanding to 1 mm 
diam. at top; flowers white, 4- (rarely 5-) merous, sepals 
Seem 1 mm long, petals linear, 13-15 x 4-5 mm, soon 

alling, stamens free, filaments flattened, disk very short 
(0.5 mm), forming a loose, very shallow cup (0.2-0.3 mm 
deep) at base of ovary, pistil in fully developed flowers 
11-13 mm long (including disk), ovary slender, 2-2.5 x 
1-1.2 mm, style 6-9 mm long, slender at base (0.2-0.3 mm 
diam.), gradually expanding upward to 0.6-0.7 mm at top, 
stigma 0.5-0.8 mm high, 1-1.2 mm wide, 4-lobed, with 
2 small oil glands in each space between stylar canals; 
fruits (only immature seen) borne on pedicels. 

This species much resembles C. articulata, 
differing chiefly in the somewhat shorter style not 
expanding at the base and not merging into the 
top of the ovary. Possibly C. mirabilis, when bet- 
ter understood, will be ranked as a variety of 
C. articulata occupying the westernmost part of 
its wide range. 

5. Citropsis gilletiana Swing. & M. Kell. 
Jour. Arnold Arbor. 21:116, 1940. Illus. “W. G. 
S[{mith (?)],” Gard. Chron. 3 ser. 53:378, fig. 159. 
1913; Goossens, Bul. Agr. Congo Belge 15:161, 
Bg. 45. 1924; Swingle & M. Kellerman, loc. cit. 
pl. 1, figs. 1-7; pl. 2, figs. 1-5; fig. 3-25 this work. 

Type.—Washington, D.C., Bureau of Plant In- 
dustry greenhouse, tree grown from seeds sent by Pére J. 
Gillet from type locality, Kisantu, Belgian Congo (Swingle, 
C.P.B. No. 7800 G = P.E.I. No. 109622), flowering 
branch; also several paratypes of leafy shoots, flowering 
and fruiting branches, fruit, etc., cut from type tree; pho- 
tographs and serial microtome sections S. and T. Nos. 
501-A, 501-B, 501-C, and 501-D, 40 slides with 1,339 
sections from type tree, in Herb. Natl. Arbor., Washing- 
ton, D.C. 

Pe mt Congo, Kisantu, Jardin Bo- 
tanique (J. Gillet); 2 branches with very young fruits, 
March 5, 1913, in Herb. Natl. Arbor., Washington, D.C. 

Distribution—Reported (Goossens, 1924, p. 162) 
from Ubangi and Equateur regions of northwestern Bel- 
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gian Congo (now Republic of the Congo) and cultivated 
at the Jardin Botanique d’Eala. 

Common name.—Gillet’s cherry-orange. 

Tree 8-10 m tall, young branches glabrous, 2.5- 
4 mm diam., internodes 2-6.5 (usually 3.54.5) cm long, 
spines slender, acute, 2-5 cm long, solitary or in pairs; 
leaves very large, 3-5-foliolate, 16-37.5 x 10-36 cm, 
terminal leaflets 9-21 xX 5-14 cm, lateral ones (always 
smaller than the terminal) 7-17 x 4-9.5 cm, petioles 4 
ovate, 6-10 X 3.5-7.2 cm, rachis segments (1 or 2) ellipti- 
cal or obovate, 3.5-9.5 x 1.5-7.5 cm (usually 3.5-6 X 
1.54 cm); inflorescences racemose, axillary, short, 5-12 
mm long, flower pedicels 3-5 mm long; flowers white, 
numerous, about 2.5 cm diam., but often opening incom- 
pletely because densely crowded in short inflorescences 
4-parted, calyx lobes triangular, acute, 2 x 2 mm, petals 
16-18 X 4.5-5.2 mm, stamens 8, filaments glabrous, flat- 
tened, free, disk 0.8-0.9 mm high, 2.2-2.4 mm wide, 
cupulate (0.3 mm deep), pistil (including disk) 10-13 mm 
long, ovary ovoid or barrel-shaped, 3.5-4 X 2.5-3 mm, 4- 
locular, locules with 1 ovule, style 4.5-6 x 1.2-1.3 mm, 
stigma depressed globose, 1.2-1.3 mm high, 2.5 mm wide; 
fruits subglobose, 24-25 mm diam., with pedicels 7-9 mm 
long, lemon-colored when ripe, peel thin (1-1.5 mm), 
locules with very numerous pulp-vesicles filled with gran- 
ules of yellowish wax; seeds white, smooth, usually 2-3 
(often none), ovoid, 9.5-10 x 5-6 mm, testa very hard, 
hilum ovate, 1-2 mm diam. with smooth edges, monoem- 
bryonic. 

The type tree of C. gilletiana was grown 
in the citrus greenhouse of the former Bureau of 
Plant Industry from seeds received from Pére 
Gillet in March, 1913. Unlike C. schweinfurthii, 
Bown alongside in the greenhouse, the young 
tree did not flower for many years and then only 


sparingly; later it flowered and fruited profusely. 
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The type tree produced enormous leaves, both 
trifoliolate and 5-foliolate. A trifoliolate leaf 
at the base of a vigorous water sprout was 
28.5 cm long and 31 cm wide. The terminal leaf- 
let measured 20.5 by 14 cm, the two lateral 
leaflets 16.5 by 9.5 cm. The largest leaflets have 
7 to 10 principal lateral veins, raised on the 
under surface and sunken on the upper surface. 
The surface of the leaflet is usually more or less 
bullate because of the upward curving of areas 
of the leaf surface limited by the principal lateral 
veins and their cross veinlets. The winged petiole, 
cordate in outline, measured 8.5 by 7.2 cm. A 
large 5-foliolate leaf higher up on the same shoot 
measured 37.5 cm long and 36 cm wide; the ter- 
minal leaflet (somewhat deformed) was 18 by 
10 cm. The two higher lateral leaflets were 18.5 
to 19 by 10.5 to 11 cm. One of the lower leaflets 
measured 16 by 10.25 cm (the other was imper- 
fect). The elongate-elliptical winged rachis seg- 
ments measured 9.5 by 4.5 cm, the elliptical 
winged petiole about 10 cm long and about 7.5 
cm wide (one side defective). These are the larg- 
est leaves yet reported on either a Near-Citrus or 
a True Citrus Fruit Tree, though they are greatly 
exceeded in size by the leaves of some species 
of Clausena. 

In trifoliolate leaves, the terminal leaflet is 
usually decidedly longer than the adjoining lat- 
erals and frequently much wider, from one-fourth 
to one-third or even more; when the terminal 





Fig. 3-25. Citropsis gilletiana. Left, fruit and 5-foliolate leaf. Right, fruit cluster. (Photos by W. P. Bitters. ) 
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leaflet, as often happens, is borne on a separate 
winged rachis segment, it is sometimes even 
two-fifths wider. 

The stigma in cross section shows eight 
small oil glands (two between each pair of stylar 
canals). The fruits are often crowded, three to 
six in a dense cluster in the axils of the leaves 
of the fruiting branches; they are usually sub- 
globose, 2 to 2.5 cm in diameter, but are some- 
times depressed-globose, 2 cm long and 2.3 to 
2.4 cm wide; they become yellow-orange and are 
fragrant when ripe (see fig. 3-25). 

Gillet’s cherry-orange, the largest and most 
vigorous of all the known forms of the genus 
Citropsis, has been do serie by Belgian expert 
horticulturists and pathologists (Goossens, 1924, 
pp. 156-62, figs. 42-45; Staner, 1929, pp. 364-66, 

g. 170; and Pynaert, 1935, pp. 305-14), on the 
basis of experiments carried out at the Eala 
Botanic Garden near Equatorville in Belgian 
Congo (now the Republic of the Congo), to be 
immune to a very destructive form of foot rot, 
supposed to be caused by the brown-rot fun- 
gus (Phytophthora citrophthora), that attacks the 
lower trunks and upper roots of the species of 
Citrus grown in the Congo, including the sour 
orange, Citrus aurantium, usually found to be 
very resistant to foot rot (see Fawcett, 1936, p. 
177). It appears that in the Congo foot rot is 
heed aggravated in severity by the larvae of a 
ongicorn beetle, Monohammus sp. (see Goos- 
sens, 1924, . 159, and Staner, 1929, pp. 365-66), 
which attacks first the cambium layer and later 
the wood of the base of the trunk. Citropsis 
gilletiana, besides being immune to the attacks 
of the foot-rot fungus, is not attacked by this 
beetle. It has been found that Gillet’s hen: 
orange makes an excellent rootstock for the culti- 
vated varieties of sweet orange, mandarin, grape- 
fruit, and lemon, which were all found to grow 
more vigorously when grafted on Gillet’s cherry- 
orange than on sour orange rootstocks. Further- 
more, citrus trees grafted on Gillet’s cherry-orange 
rootstocks were completely immune to the Mono- 
hammus beetle and also to foot rot, provided 
the Gillet’s cherry-orange stocks were grafted 
high enough above the ground to prevent infec- 
tion from the soil. 

Pynaert (1935, p. 313) reported that the 
native Citropsis growing about the Eala Botanic 
Garden in Belgian Congo had been introduced 
into Belgium, dnd that a Jaffa orange grafted on 
a plant of Citropsis growing in a greenhouse of 
the Colonial Garden at Laeken, Belgium, had 
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made a particularly vigorous growth and in 1935, 
when still only 2 meters high, had produced a 
number of fruits. An excellent half-tone figure 
of the wild Citropsis found near the Botanic 
Garden in Belgian Congo, published by Goossens 
(1924, p. 161, fig. 45), shows clearly that this 
cherry-orange is the same as the one sent to 
Swingle by Pére Gillet from Kisantu, about 700 
kilometers down the Congo River from Eala. It 
has the terminal leaflet distinctly larger than the 
laterals, agreeing with C. gilletiana (but not with 
C. latialata). Goossens reported that near Eala 
this Citropsis is a tree growing to a height of 
8 to 10 meters (26 to 33 feet) that bears tiny, 
orange-like fruits, 2 to 2.5 cm in diameter, with 
a resinous, fragrant pulp in which three or four 
seeds are imbedded. The fruits produced by the 
type tree of Gillet’s cherry-orange growing in 
the citrus greenhouse at Washington agreed very 
closely with those described by Goossens, and 
the foliage, spines, and fruit clusters of this type 
tree resembled exactly what is shown in Goos- 
sen’s photograph of the Citropsis growing wild 
about Eala. 

6. Citropsis latialata (De Wild.) Swing. & 
M. Kell. Jour. Wash. Acad. Sci. 28:533. 1938. 
Limonia poggei var. latialata De Wild. Ann. Mus. 
Congo Bot. 5 sér. 1:160. 1904. Illus. De Wilde- 
man, loc. cit. pl. 43; Swingle & M. Kellerman, 
Jour. Arnold Arbor. 21: pl. 2, figs. 6-10. 1940; 
fig. 3-26 this work. 

Type.—Ikongu village, Sankuru River basin, Lua- 
laba-Kasai district, south-central Belgian Congo (L. Gentil. 
No. 1). Herb. Jard. Bot. Etat, Brussels; photographs and 
serial microtome sections, S. and T. No. 397-A, slides 1-6, 
429 cross sections, and No. 397-B, slides 1-2, 26 longitu- 


dinal sections of a mature flower from the type specimen, 
in Herb. Natl. Arbor., Washington, D.C. 


Distribution —Known with certainty only from 
the type collection. 


Common name.—Ikongu cherry-orange. 


De Wildeman’s original French description of 
Limonia poggei var. latialata reads, translated, as follows: 
“Shrub 34 m tall, with slender, cylindric branches, with 
imparipinnate leaves, having 2 pairs of lateral leaflets. 
Leaves distant 1-5 cm from each other, with the petiole 
and rachis winged; petioles 3-8.5 cm long and 1.5-5 cm 
broad, upper [pair of] leaflets distant 2-8.5 cm from the 
lower [pair of] leaflets; rachis reaching 4.5 cm in width. 
Leaflets oblong, narrowed into a very short petiolule at 
the base, cuneate at the apex and at the base, the midrib 
dividing the leaflet in 2 more or less unequal parts. Leaf- 
blades 6-15 cm long and 2-7 cm wide, irregularly dentic- 
ulate on the margins; the terminal leaflet regular, cunei- 
form at the base, of the same size as the lateral leaflets; 
axillary stipules changed into solitary or paired thorns, 
more or less developed, reaching 2.5 cm in length. 
Flowers white, with the odor of orange [flowers], in axil- 
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Fig. 3-26. Citropsis latialata. Five-foliolate leaf from 
type specimen (L. Gentil, No. 1), in herbarium of the 
National Botanic Garden, Brussels, Belgium. 


lary or terminal inflorescences; ovaries ovoid, terminated 
by a style twice as long, surmounted by a trilobed 


stigma.” 

A note states that the type material (L. 
Gentil, No. 1) was in flower when collected but 
“the petals fell off during the preparation.” Evi- 
dently the flowers were mature. 

A single flower from the type —— 
(see Swingle, 1940c, p. 120) was restored by the 
modified Juel method, imbedded in paraffin, and 
cut into serial microtome sections. First 26 longi- 
tudinal sections were cut until a section was 
obtained exactly through the center; then the 
paraffin block was turned at right angles and 429 
cross sections 20 » thick were cut, including the 
entire length of the pistil, disk, calyx, and pedicel. 
These sections give the following characters: 

Calyx is 4-merous, the lobes about 1.2 mm wide 
and 1.5 mm long, thick in the middle but with thin edges; 
disk shallow, cup-shaped, 0.3-0.4 mm tall and 1.1-1.2 
mm wide, pistil 6.4 mm tall, including the short (1 mm), 
very shallowly cupulate disk, ovary ovoid, 1.8 mm tall and 
1.6 mm wide, merging rather abruptly into the style, 
which is 0.8 mm diam. at the junction with the ovary and 
nearly 1 mm diam. at the stigmatic junction; stigma 
cushion-shaped, 1.5 mm wide and 0,5-0.6 mm high 
more or less 4-lobed, with 4 medium-sized oil glands be- 
tween the 4 stylar canals. 

Thanks to the generous loan by Dr. W. 
Robyns, director of the National Botanic Garden 
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at Brussels, of one of the very few flowers of the 
type specimen, it was possible to clear up the 
long-standing confusion of this species with C. 
gilletiana, from which it can now be clearly dis- 
tinguished by many characters of high taxonomic 
value in this genus. Citropsis latialata is a shrub 
only 3 or 4 meters tall instead of a tree 8 to 
10 meters high, it has somewhat narrower leaflets 
and the terminal leaflet is of the same size or 
only very slightly larger than the adjacent lateral 
leaflets (in C. gilletiana, on the contrary, the ter- 
minal leaflet is always larger than the lateral 
ones). The pistil of C. latialata is only a little 
more than half as long as that of C. gilletiana 
and has a decidedly shorter and much less deeply 
cupped nectary, as well as a more flattened stig- 
ma with fewer but larger oil glands. 

The long-standing confusion of these two 
species was due, without doubt, to the ve 
scanty type material of C. latialata and the lack 
of any other material of this species from the 
type locality. De Wildeman’s excellent litho- 
graphic plate figuring the type specimen of 
C. latialata, natural size, shows five pistils in a 
close cluster at the end of a leafy twig. This 
is fully confirmed by a photograph of the type 
filed in the herbarium of the National Arboretum. 
These pistils must have been full grown, as the 
petals were in place when the material was col- 
lected, but fell off during the drying of the type 
5 Reena As noted above, a single flower from 
the type specimen sufficed to distinguish clearly 
the two species C. latialata and C. gilletiana. 


Subgenus Afrocitrus 


Subgenus Afrocitrus Swing. & M. Kell. 
Jour. Arnold Arbor. 21:126. 1940. 

Leaflets small, acuminate or caudate at apex, 
petioles and rachis segments narrowly winged or Higleet 
ovary clavate or obovoid, with a single very large oil gland 
at the top of each locule; stigma subglobose, distended 
by large oil glands; staminal filaments sparsely pubescent 
on inner side. 

The three species that constitute this sub- 
genus, Citropsis gabunensis (type of Afrocitrus), 
C. zenkeri, and C. le-testui, are easily distin- 
deinen from all the other species of Citropsis 

y their long, acuminate leaves, narrowly winged 
or wingless petioles and rachis segments, and the 
striking ovary and stigma characters. 

Citropsis tanakae also has very small flow- 
ers borne on slender pedicels and very slender 
styles each ending in a subglobose stigma swollen 
by several large oil glands, all of which are 
characters very like those of the three species 
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Fig. 3-27. Citropsis gabunensis. Branch with 5-foliolate 
leaves and fruit (inset). 


named above. However, C. tanakae differs from 
them in lacking the large oil glands at the tip 
of the ovary, one over each locule, and also in 
having simple leaves with very short, wingless 
petioles, not articulated with the leaf blade. 

7, Citropsis gabunensis (Engl.) Swing. & 
M. Kell. Jour. Agr. Res. 1:430. 1914. Limonia 
gabunensis Engl. Notitzbl. Bot. Gart. Berlin 1:28. 
1895. Illus. Swingle & M. Kellerman, loc. cit. 
425, fig. 4, D-E; De Wildeman, Ann. Mus. Congo 
Bot. 5 sér. 1: pl. 50. 1904; Engler, Die Pflanzen- 
welt Afrikas 3:760, fig. 354, L, N. 1915; Engler, 
Die Nat. Pflanzenfam. 19a:348, fig. 158, L, N 
(last two, copies of Swingle & Kellerman). 1931; 
fig. 3-27 this work. 

Type.—Sibange Farm, Menda region near Libre- 
ville, Gabon, French Congo (H. Soyaux, No. 105). 

Distribution —Gabon Republic, Republic of the 
Congo, and Spanish Guinea. 

Common name.—Gabon cherry-orange. 

A shrub or small tree, 1.5-6 m high, ultimate 
branches slender, 1.5-3 mm diam., with internodes 2-5 
cm long, with single or paired slender spines, 2-2.5 cm 
long even on fruiting branches; leaves glabrous, 1-5 
foliolate, variable in size, 5-foliolate leaves 15.5-19 « 12- 
15 cm, 3-foliolate leaves 10-13 x 7-10 cm, 1-foliolate 
leaves 12-17 x 4-7 cm (including the petiole 2-4 cm 
long), leaflets oblong or elliptical, long-acuminate at the 
apex or caudate, very variable in size, 1-foliolate leaflets 
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very large, blade 7-14.5 x 3-7 cm, petiole 2-3.5 X 0.4—- 
1.5 cm, with a broadly rounded base, 5-foliolate leaflets 
usually 8-10 x 4-5 cm, but sometimes smaller, 3.5-8 x 
1.5-3.5 cm, terminal leaflet often borne on a short rachis 
segment and then abruptly narrowed at base, but if borne 
at apex of first rachis segment with 2 lateral leaflets then 
narrowly cuneate or acuminate at base and longer than 
lateral leaflets, petioles variable in size and shape, 1.8-5 X 
0.3-2 cm, linear or narrowly elliptical if narrow, obovate 
if broad, rachis segments often similar in shape to petiole, 
3.5-5.5 x 0.4-2 cm; inflorescences short, axillary flower 
clusters, 1.5-2.5 cm long, peduncles a er un- 
branched, 8-9 mm long, pedicels long and very slender, 
7-11 X 0.4-0.6 mm (in dry state), short-pubescent, 
flowers very small, usually 4-merous, buds 5-6 x 2 mm, 
open flowers about 10-13 mm diam., calyx lobes 4, triangu- 
lar, acute, with a single medium-sized oil gland near the 
apex, petals 4, about 6 x 2.5 mm, stamens free, filaments 
flattened, sparingly pubescent on inner side; disk very 
small, about 0.5 mm high, pistil very short (4-6 mm, in- 
cluding the disk), ovary obovoid, about 1.5 <0.8-0.9 mm, 
3-4-locular with a large, more or less protuberant oil 
gland at the top of each locule, style very slender, not 
expanded at base, about 2 mm long, 0.3-0.4 mm diam., 
stigma subglobose, 0.9-1 mm diam., slightly 4-lobed, with 
about 4 large oil glands; fruits subglobose, about 1.8-2.2 
cm; borne on pedicels 8-12 x 1-2 mm, nearly filled with 
3 or 4 ovoid, smooth, hard seeds, 10-12 x 8-10 x 6-8 
mm, with an even-margined hilum 2 X 1 mm, pulp- 
vesicles almost suppressed by the seeds in most fruits. 

This species is the type of the subgenus 
Afrocitrus, which includes also C. zenkeri and 
C. le-testui. These three species are evidently 
related to each other and clearly delimited from 
the six typical species included in the subgenus 
Citropsis. 

Citropsis gabunensis has very small flow- 
ers, the smallest of any species of the genus. No 
other species of Citropsis shows as much varia- 
tion in the number and size of the leaflets. The 
type material from Sibange Farm, Gabon (and 
also abundant material collected by Pére Klaine 
near Libreville, Gabon, now in the Paris her- 
barium), shows whole branches with very large 
unifoliolate leaves, although more often some of 
the leaves have two or three leaflets. The typical 
5-foliolate form is also common at both places; 
it often shows a short winged rachis segment 
bearing the terminal leaflet, something found 
only in trifoliolate leaves of other species of 
Citropsis. The large unifoliolate leaves look aston- 
ishingly like those of Citrus in every character— 
size, shape, venation, texture, and color; they 
even have winged petioles very like those of some 
forms of Citrus aurantium and C. grandis. 

The unifoliolate species of Pleiospermium, 
P. sumatranum, P. longisepalum, and P. latiala- 
tum, also have leaves very like those of Citrus 
and closely resembling those found on this form 
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of Citropsis gabunensis. Doubtless both Citrop- 
sis and Pleiospermium contain species that re- 
semble closely remote ancestral forms from which 
Citrus has evolved. 


7a. Citropsis gabunensis var. lacourtiana 
(De Wild.) Swing. & M. Kell. Jour. Arnold Arbor. 
21:124. 1940. Limonia lacourtiana De Wild. Ann. 
Mus. Congo Bot. 5 sér. 1:159. 1904. Illus. De 
Wildeman, loc. cit. pl. 50. 

Type.—Bombaye, Sankuru (Lualaba-Kasai), 
south-central Belgian Congo (L. Gentil, No. 1), Herb. 
Jard. Bot. l’Etat, Brussels; photographs and serial micro- 
tome sections of type specimens, S. and T. Nos. 532-A, 
533-A, 533-B, 533-C, and 533-D, 18 slides; also leafy 
twig and fruit of type collection, in Herb. Natl. Arbor., 
Washington, D.C. 

Distribution Republic of the Congo: known 
only from the type locality in the Sankuru River valley. 

Common name.—Sankuru cherry-orange. 

Fruits subglobose, 1.8-2 cm diam., yellow-orange 
when ripe, peel 2-2.5 mm thick, rather soft, pulby tender, 
juicy, and of very agreeable flavor, seeds few or none, 
plump, subglobose, bluntly conical at one end, 11 X 9-10 
mm. 


The type specimen of Limonia lacourtiana 
was kindly lent to Swingle by Dr. W. Robyns, 
director of the Jardin Botanique de |'Etat at 
Brussels. It consists of a single fruiting branch 
collected in May, 1902, with a number of half- 
grown and three nearly mature fruits, most of 
them seedless, but one (or two?) with a single 
yellowish-brown (Buckthorn brown, Ridgway, 
1912, pl. 15), rather large, plump, short-ovoid 
seed, 11 by 8.5 to 9 mm, with a hard testa having 
a smooth-edged, ovate hilum 2 by 1 mm. Gentil’s 
original field label attached to the type sheet 
calls the plant “un mandarinier sauvage” and 
notes its “fruit délicieux.” The three to six fruits 
occur together in dense axillary clusters and are 
borne on pedicels 8 to 13 mm long, which in 
turn are densely crowded on a very short pe- 
duncle only 4 to 10 mm long. 

Three topotype specimens in the herbar- 
ium of the National Botanic Garden at Brussels 
collected nearly a year later by Em. and M. 
Laurent consist of two sterile branches with 
paired axillary spines, 2 to 2.5 cm long, and a 
fruiting branch from a small tree, 6 to 7 m high, 
looking extremely similar to the type specimen, 
with eight immature fruits, all but one of them 
seedless. 

Flowers of the variety are unknown, but 
a specimen in the Brussels herbarium from the 
same general Sankuru region, collected by A. 
Sapin in September, 1906, consists of two flow- 
ering twigs with axillary clusters containing three 
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to six very small flower buds, about 5 by 3 mm, 
with slender pedicels, 0.4 to 0.6 mm diam. These 
have pistils (immature?) which when restored by 
the modified Juel technique measured 4.4 mm 
long (including the disk); disk 0.6 to 0.7 mm 
high, 1 to 1.25 mm wide, cupulate, enclosing 
narrowed base of ovary for 0.2 to 0.25 mm; walls 
of the cup unusually thick (0.4 to 0.6 mm), con- 
taining six to ten medium-sized oil glands ar- 
ranged approximately in a ring at a level even 
with or slightly below the bottom of the cup; 
ovary 3-locular, 1.3 mm long, 1.1 mm wide at 
top, 0.5 mm wide at bottom, with a medium- 
sized oil gland at the top of each locule; style 
2 mm long, 0.5 to 0.6 mm wide; stigma 1 mm 
long, 1.2 mm wide, with large oil glands between 
the stylar canals. The anthers have a single large 
oil gland near the tip of the connective. These 
measurements and the disposition of the oil 
glands in the ovary, stigma, and anthers agree 
very closely with those found in the flower buds 
of a specimen of typical C. gabunensis preserved 
in the herbarium of the Museum of Natural His- 
tory at Paris, collected by Pére Klaine at Libre- 
ville, Gabon. However, Sapin’s material from 
Sankuru has glabrous staminal filaments, where- 
as those of the species have scattered, slender 
hairs on the side facing the ovary, as do those 
of C. le-testui. If this absence of pubescence on 
the filaments of the variety is found to be a 
constant character, it will be useful in separating 
it from the species at seasons when no mature 
fruits are to be found. 


The two species of Citropsis that have 
fruited in the United States, C. schweinfurthii 
and C. gilletiana, both produce an abundance of 
small orange-like fruits, but they are not edible, 
as the pulp-vesicles contain numerous granules of 
a waxy substance of disagreeable flavor. Doubt- 
less C. gabunensis, belonging as it does to a very 
different group (the type of the subgenus Afro- 
citrus discussed above), does not produce this 
ill-flavored wax. The species itself he fruits so 
full of plump seeds as to leave very little space 
for pulp. The variety lacourtiana, on the con- 
trary, has seedless fruits that are filled with 
high-flavored pulp. 

8. Citropsis zenkeri Engler, Die Pflanzen- 
welt Afrikas 3 (Heft 1):760. 1915. Illus. Engler, 
loc. cit. p. 759, fig. 354, A-E; Engler, Die Nat. 
Pflanzenfam. 19a:348, fig. 158; A-F. 1931. 

Type.— Bipindi, southern Cameroons (Lat. 3° 20’ 


N., Long. 11° 45’ E.). Herb. Bot. Mus., Dahlem-Berlin. 
Distribution.—Known only from the type locality. 
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Common name.—Zenker’s cherry-orange. 

Fruiting twigs with slender, acute, solitary, axil- 
lary spines, 1.5-2.5 cm long and 2-2.5 mm diam. at base; 
leaves 5-foliolate, 25 x 23 cm, leaflets 11-13 x 5-5.8 cm, 
ovate-acuminate or short-caudate, acumen 15-20 x 4-1 
mm, acute at apex, base broadly cuneate, with very short 
(1-2.5 mm) petiolules, petiole 5.5-6 cm long, narrowly 
winged, 3-4 mm wide on either side of the midrib, rachis 
segments about 5 cm long, narrowly winged, total width 
at broadest place, 8-9 mm; inflorescences short, axil- 
lary clusters of numerous flowers with pedicels 3-4 x 
0.5-0.7 mm, borne in dense clusters (5-8?) on short, 
unbranched, glabrous peduncles, 3-4 mm long; flowers 
medium-sized, 15-18 mm broad when open, 4-merous, 
calyx lobes deltoid, bluntly pointed, roughened on the 
back by numerous oil glands, petals tapering regularly to 
an acute apex, 8-10 mm long, with numerous oil 
glands, stamens 5-6 mm long, anthers 3-3.5 mm _ long, 
pistil 7.5-8 mm long (including short, narrow disk), ovary 
obovoid, 4-locular, 2-3 mm long, 0.6-0.8 mm wide at base 
but expanded at apex to 1.5-2 mm in width by 4 large 
protuberant oil glands (1 at the top of each locule), style 
cylindrical, not expanded at junction with the tip of the 
ovule, 3.5-4 mm long (including the stigma), 0.4-0.5 mm 
wide, stigma subglobose, 1.5 mm diam., obscurely 4- 
lobed, swollen with 4 large oil glands. 

This description is based partly on the 
short original description but mostly on the ex- 
cellent illustrations that accompany it (Engler, 
1915), which are made more valuable by com- 
parable figures of five other species of Citropsis. 

The Zenker’s cherry-orange is evidently 
closely related to C. gabunensis and to C. le- 
testui, but has even larger, more protuberant oil 
glands at the top of the ovary above each locule. 
The fruits are unknown, but should be collected 
in the hope of finding an edible form with few 


seeds like C. gabunensis var. lacourtiana. 


9, Citropsis le-testui Pellegrin, Bul. Mus. 
Hist. Nat. Paris 27:446. 1921. Illus. Pellegrin, 


Mem. Soc. Linn. Normandie 26:42, fig. 3. 1924. 

Type.—Ndougou in Ngouyé Valley, French Con- 
go (Lat. 2°-3° S., Long. 10° 30’ E.) (Le Testu, No. 2286). 
Herb. Mus. Hist. Nat., Paris; photographs of type, also 2 
leaflets and 3 flower buds of type material with serial 
microtome sections of 1 bud, S. and T. Nos. 708-A (9 
slides, cross sections), 708-B (3 slides, longitudinal sec- 
tions), in Herb. Natl. Arbor., Washington, D.C. 

Distribution.—Known only from the type locality. 

Common name.—Le Testu’s cherry-orange. 

The original description, translated (and slightly 
amended from the equally detailed French redescription 
published (3 years later, in 1924) reads: “A small tree, 3 
meters high, branches gray-green, glabrous, slender, more 
or less spiny. Spines 1 or 2, erect, axillary, 2-3 cm long. 
Leaves usually 3-foliolate, sometimes 5-foliolate ({the two 
pairs] separated 3-6 cm). Petiole nearly terete, glabrous, 
6-8 cm long (or in 5-foliolate leaves, 12-15 cm long), ar- 
ticulated with the rachis segment. Leaflets ovate, 6-12 cm 
long, 3.5-7.5 em wide, apex attenuate-acuminate, acumen 
obtuse, 1-2 cm long, abruptly contracted at base into a 
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petiolule 3-4 mm long, glabrous, rigid, membranaceous, 
glandulose-punctate, midrib prominent below, depressed 
above, 6 primary lateral veins on each side, ascending and 
anastomosing far from the margin then curving to meet 
it, the smaller veinlets reticulate, slender, prominent below 
in dried specimens. Inflorescences short, axillary panicles, 
very shortly tomentose, peduncles 0.8 mm long, pedicels 
5 mm long. Bracts ovate, acute, 1 mm long. Calyx thick, 
glandulose, shortly-villose without, 4-lobed, lobes deltoid, 
acute, 2 mm long with scarious margins. Petals 4, gland- 
ulose, glabrous, oblong, concave, apex subangulate, 7 mm 
long, 3.5 mm wide. Stamens 8, filaments linear-lanceolate, 
flattened, shortly-villose, 4 mm long, anthers introrse, gla- 
brescent, 4 mm long, oblong-saggitate, apex acute and 
long-acuminate. Disk prismatic, apex somewhat 4-lobed, 
1 mm high, glandulose, glabrous. Ovary glandulose, gla- 
brous, obpyramidal, somewhat 4-lobed at the apex, 2 mm 
high, 4-locular, locules 1-ovulate; style terete, glabrous, 
2-3 mm high, stigma capitate, somewhat 4-lobed. Fruit 
subglobose, slightly flattened at the apex, 1.5 cm high, 2 
cm broad.” 


Pellegrin in his comments following the descrip- 
tion stated that the flowers are white, the leaves usually 3- 
foliolate. Citropsis le-testui is a small tree, 3 m_ high, 
relatively abundant on the slopes of the hills, and never 
seen growing in wet situations; the fruit is yellow when 
ripe. 

This remarkable species differs from all 
others of the genus Citropsis in having completely 
wingless petioles and rachis segments, which 
gives the leaves a curious aspect. As noted by 
Pellegrin, the leaves of this species much resem- 
ble those of Balsamocitrus dawei, a very different 
plant of the subtribe Balsamocitrinae, not at all 
closely related to Citropsis. 


The figure of C. le-testui cited above shows 
the stamen to be 8 mm long, the filament flat- 
tened, about 4 mm long, 0.75 mm wide, 0.5 mm 
thick at the widest part, and short-pubescent on 
the inner side. The anther is shown to be about 
3 to 3.2 mm long, 1 mm wide, and 0.75 mm thick, 
tapering to a sharp point at the apex. 


Fortunately, a flower bud ready to open 
was available for study from the type specimen. 
After being restored by the modified Juel tech- 
nique and cut into serial microtome sections, the 
following characters of the flower parts were 
observed: 


Nearly mature flower buds 9-10 x 4-5 mm; 
calyx lobes 3 (4?), 1 mm wide, 1.5 mm long, subacute, 
much thickened by numerous oil glands which are larger 
and more closely juxtaposed in the free lobes; corolla 3- 
(4-2) merous, petals linear, 9-10 x 5 mm, with sparsely 
scattered, medium-sized oil glands; stamens Be about 7 
mm long, filaments free, 4-4.5 mm long, subclavate, about 
1 mm wide, thickest near the apex (0.4-0.5 mm), with 
many slender hyaline, scattered hairs on the ventral sur- 
face (facing the ovary), anthers 3-3.5 mm long, 0.6-0.8 
min wide, with a large, elliptical, acute-pointed oil gland 
at the apex, 1 mm long, 0.3-0.4 mm wide; pistil (in nearly 
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mature bud) 7 mm long (including the disk), disk 1-1.2 
mm long, cupulate and enclosing base of the ovary for 
about 0.4 mm, without noticeable oil glands; ovary 3- 
(4—?) locular, obconical, 2.6-3 mm long, 0.5-0.6 mm wide 
below, at junction with disk (at bottom of cup), tapering 
saad upward, 2 mm wide at flattened top, which has 
1 large, ovoid, somewhat protuberant oil gland (0.6-0.8 
mm diam.) over each locule and numerous smaller oil 
glands between them; style arising sabia be narrowed 
and slightly countersunk in the center of the flattish upper 
face of the ovary, 3-3.2 mm long, 0.5 wide at base, 
gradually expanding to 0.8 mm wide at junction with the 
stigma, sparsely covered with small, scattered, superficial 
oil glands; stigma subglobose, 1.2 mm high, 1.5-1.6 mm 
wide, with several (4-5?) large oil glands, 0.9-1 mm verti- 
cal diam. and 0.3-0.6 mm transverse diam., sometimes 
smaller aa pairing). 

Thanks to this authentic type material, it 
is possible to assert definitely that i nan of 
C. le-testui is very like those of C. gabunensis 
and C. zenkeri, and in general is intermediate 
between them in its characters. The flat-sided 
ovary and disk described and figured by Pelle- 
grin (l.c.) were doubtless distorted by shrinking 
suffered during desiccation. 


SPECIES INADEQUATELY KNOWN AND 
OF UNCERTAIN RELATIONSHIPS 


10. Citropsis tanakae Swing. & M. Kell. 
Jour. Arnold Arbor. 21:121. 1940. Illus. Tanaka, 
Kankitsu No Kenkyi (Citrus Studies) 78, fig. 71, 
left (as Citropsis citrifolia, a nomen nudum). 1933; 
Swingle & M. Kellerman, loc. cit. pl. 3, figs. 1-5. 


Type.—Africa, Sierra Leone (Afzelius). Herb. 
Univ. Uppsala, Sweden; photographs and serial micro- 
tome sections, S. and T. No. 226-A, 3 slides, in Herb. 
Natl. Arbor., Washington, D.C. 


Distribution —Known only from the type locality. 
Common name.—Sierra Leone cherry-orange. 


Ultimate branchlets slender, 1.5-3 mm diam., 
with solitary, axillary, slender, short spines, 2-10 mm long; 
internodes 2-3 (or 4?) cm long; leaves simple! baal 
lanceolate, tapering gradually, or slightly acuminate, into 
a short, thick, blunt acumen, 8-10 x 6-3 (or 4) mm, base 
broadly cuneate, with the margins slightly decurrent into 
upper part of petiole, lateral veins numerous, 10-12 on 
each side, arising at angles of about 75°-80° with the 
midrib, margins regularly but shallowly crenulate on 
upper half, subentire Below: petioles very short (3.5-4 
mm), wingless, slender (1-1.5 mm wide), glabrous, not 
articulated with the leaf blade; inflorescences very short, 
few-flowered, axillary; flower buds small (immature?), 
about 8 xX 3 mm, borne on short, slender pedicels, 2-3 
mm (or more?) long, 0.5-0.75 mm diam.; calyx roughened 
with numerous oil glands, glabrous, calyx lobes 4, short 
(0.3-0.4 mm), with thin scarious edges, with a single 
rather large oil gland near the subacute tip, petals 4, 
about 7 X 3 mm, glabrous, with many medium-sized oil 
glands, more abundant at the pointed tips, stamens 8, 
about 5.5-6 mm long, staminal filaments glabrous, some- 
what flattened radially, broad at the base where they co- 
here in groups of 2 or 3 for some distance (about 2.8 


Google 


313 


mm), anthers about 3 mm long with a single small oil 
gland near the top of the connective; disk cylindrical, gla- 
brous, short, shallow cup-shaped, fitting rather closely 
over the base of the ovary for about 0.1 mm, with a few 
small oil glands in walls of cup, pistil 5.6 mm long (in- 
cluding disk), ovary 4-locular, ovoid, 0.93-1 mm _ long, 
0.8-1 mm wide, rounded at top, without a large oil gland 
over each locule, style long pide slender (4.6 mm long, 0.3- 
0.4 mm wide), contracted where it jos the ovary in 


which it is very slightly countersunk, slightly expanded at 


the apex where it merges into a depressed globose stigma, 
0.7 mm high and 0.9 mm wide, containing several (5-7) 
large oil glands. 

This species is known only from a single 
twig, about 20 cm long, with seven leaves and 
a single flower bud, collected in Sierra Leone be- 
tween 1794 and 1796 by the Swedish botanist 
Afzelius, who identified it as Citrus medica, 
doubtless because the petioles were not articu- 
lated with the leaf. 

This unique flower bud and a single leaf 
were kindly sent to Washington by the custodian 
of the herbarium of the Botanical Museum of 
the University of Uppsala, Sweden. The flower 
bud was cut into 454 serial cross sections, each 
20 » thick, by a modification of the method pub- 
lished by Juel (1918, p. 14) while he was pro- 
fessor of botany at the University of Uppsala. 
This very old material could not be restored as 
well as usual, but nevertheless it was possible 
to work out the flower structure in minute detail 
(see Swingle, 1940c, pl. 3, figs. 1-5) and to draw 
up the preceding description, which proves be- 
yond doubt that this plant is not a species of 
Citrus but a new species of Citropsis. 

This remarkable species is unique in the 
genus because of its simple leaves with very short 
wingless petioles (only one-twentieth as long as 
the leaf blade and not articulated with it). All 
other species of Citropsis have odd-pinnate leaves, 
trifoliolate to 7-foliolate or occasionally (in C. 
gabunensis) unifoliolate leaves, with petioles that 
are, however, very evidently winged and never 
less than one-eighth as long as the leaf blade. 
In C. le-testui the petioles (and rachis segments) 
are wingless, but are very many times longer. 

The leaves of C. tanakae are very like the 
leaflets of the other species of Citropsis, which 
always have very short, wingless, nonarticulated 
petiolules. Citropsis tanakae has flowers some- 
what resembling those of the species in the 
subgenus Afrocitrus (see p. 309) in having a sub- 
globose stigma distended with large oil glands 
borne on a very slender style, but the ovary lacks 
the large oil glands, one at the top of each locule, 
such as characterize the species of this subgenus. 
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Fig. 3-28. Citropsis daweana. Branch with 7-foliolate 
leaves. 


Besides being one of the most distinct 
species of the genus, C. tanakae is also the north- 
ernmost species in Africa, occurring some 500 to 
600 kilometers northwest of C. mirabilis, a very 
different species, native to the Ivory Coast in 
West Africa. 

This beautiful Sierra Leone cherry-orange 
has been named in honor of Professor Tyézabur6 
Tanaka, who, as soon as he saw the type speci- 
men in the Uppsala herbarium, recognized that 
it belongs, not to the genus Citrus, as Afzelius 
supposed, but to Citropsis. 

1]. Citropsis daweana Swing. & M. Kell. 
Jour. Arnold Arbor. 21:123. 1940. Illus. Tanaka, 
Kankitsu No Kenkya (Citrus Studies) 77, "e 70, 
right (sub nomen nudum, Hesperethusa villosa). 
1933; Swingle & M. Kellerman, loc. cit. pl. 3, 
fig. 6; fig. 3-28 this work. 
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Type.—Madanda Forest, Portuguese East Africa 
(Dawe, No. 443). Herb. Brit. Mus., London; photograph 
and fragments in Herb. Natl. Arbor., Washington, D.C. 


Distribution Known only from the type locality 
(now Mozambique). 


Common name.—Mozambique cherry-orange. 

A shrub or small tree, 3-5 m high, branchlets at 
first angular, soon cylindrical, 2-4 mm AG, internodes 
2-3 cm long; spines axillary, solitary, short, straight, 1- 
2.5 cm long, 2-4 mm diam. at base, shorter ones blunt- 
pointed, the longer ones (1.5-2.5 cm) sharp-pointed; 
leaves 5-7-foliolate; leaflets elliptical to rhomboid or ovate, 
bluntly rounded at the apex, terminal one narrowly cune- 
ate at base, 5-5.8 x 2-2.4 cm, lateral ones broadly 
cuneate or broadly rounded at base, 2-4.5 x 1.5-2.4, 
with 4-6 rather inconspicuous veins, sparsely and evenly 
dotted with small erarilveant oil glands, sparingly pubes- 
cent on both sides and on the margins with very slender, 
colorless ciliate hairs, margins finely and shallowly crenate 
or subentire, petiolules very short (1-1.8 mm); petioles 
nearly or quite wingless. 1.2-2.2 cm long, 1-1.5 mm wide; 
first rachis segments 1.5-2 cm long, with spathulate wings, 
3-6 mm wide and rounded at the distal end, usually nar- 
rowed to a subacuminate base at the proximal end, sec- 
ond rachis segments elliptical, broader (about 2.5 X 0.8 
cm), not spathulate; flowers and fruits unknown. 

This remarkable species is known only from 
the type material collected by M. T. Dawe (when 
director of agriculture of the Companhia de 
Mogambique) in the Madanda Forest, a rubber- 
producing region, which lies 100 to 200 kilo- 
meters to the southwest of Beira, between the 
Lucite River (Lat. 20° S.) and the Save River 
(Lat. 21° 30’ S.), to the west of the Sofala lands 
(about Long. 34° E.) and to the east of the 
Mossurize district (about Long. 33° E.). 

Unfortunately the flowers and fruits of this 
species are unknown; however, the leaf charac- 
ters are so distinctive that it cannot be mistaken 
for any other Citropsis. The leaves, including the 
petioles and rachis segments, are sparingly pubes- 
cent on both surfaces, whereas in all the other 
species they are glabrous; the leaflets are the 
smallest known in the genus. The petiole-rachis 
wings become progressively wider toward the 
tip of the leaf, that is, the petiole is wingless 
or nearly so, the first rachis segment narrowly 
winged (wider at the tip), and the second seg- 
ment still wider. This is just the reverse of what 
is found in the other winged species of Citropsis. 
The scanty type material seems to show Kurztrie- 
ben, like the leaf and flower spurs of Poncirus 
trifoliata and some of the Hard-Shelled Citroid 
Fruit Trees (subtribe Balsamocitrinae). 

The leaf, petiole, and rachis characters of 
this species show a great similarity to those of 
certain forms of Hesperethusa crenulata from 
peninsular India. However, as noted above (p. 
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310), certain forms of Citropsis gabunensis have 
leaves and petioles greatly resembling those of 
Citrus but have flowers and fruits unmistakably 
belonging to Citropsis. Only the study of flowers 
and fruits can reveal the exact relationships of 
C. daweana. 


The Mozambique cherry-orange has the 
appearance of. being a somewhat xerophytic 
plant; the other species are evidently mesophytes 
and usually grow in tropical rain forests. 


This is without question the least known 
species of the genus Citropsis and at the same 
time the most distinct onel When flowers and 
fruits are available for study it will very probably 
be found to constitute a new subgenus, if not a 
new genus. It is of great phylogenetic interest as 
a measure of the nature and rate of evolution 
that has occurred since Citropsis was cut off 
from any connection with its relatives in south- 
eastern Asia, eastern India, and the Monsoon 
region. 


XX. Atalantia Corréa 


XX. Atalantia Corréa, Ann. Mus. Hist. Nat. 
Paris 6:383. 1805. Rissoa Arn. Nov. Act. Acad. 
Caes. Leop.-Carol 18:324. 1836; Malnarega Raf. 
Sylv. Tell. Mant. 143. 1838. 


Type species.—Limonia monophylla Roxb. non 
(L.) = Atalantia monophylla DC. 
Distribution.—Southwestern Asia: India, Ceylon, 
Burma, Cambodia, Laos, North Vietnam, South Vietnam, 
southern China; also Sumatra, Banka (?), Java (?). 


Common name.—Atalantia. 


Small trees or shrubs, twigs more or less angled 
when young, soon cylindrical, glabrous in some species, 
more or less hairy when young, with single, stout, sharp 
spines in the axils of the leaves, or spineless, especially 
fruiting branches of old trees (some species [A. rotundi- 
folia] nearly spineless); leaves 1-foliolate (or rarely sim- 
ple), more or less coriaceous, strongly veined, and usually 
with conspicuous reticulations between the lateral veins; 
petioles wingless, often pubescent when young, articulated 
with the leaf blade, short, often less than 49 as long as 
the leaf blade; flowers small, axillary or rarely terminal, 
fascicled, or in racemose corymbs or panicles; calyx 3-5- 
lobed, or forming a continuous envelope over the corolla, 
stamens, and pistil, and splitting more or less irregularly 
into 2 or 3 parts as the flower expands; petals imbricate; 
stamens 6-10, free, or more or less connate into a staminal 
tube which is sometimes a closed cylinder with the an- 
thers attached to the rim; anthers short, broadly ovoid; 
disk annular, short; ovary ovate, or subglobose, with 3-5 
locules, with 1 or 2 ovules in each locule; fruits small, 
subglobose, with numerous broad-based, sessile, slender, 
tapering pulp-vesicles filling all the space in the segments 
left by the seeds; peel thin, greenish-yellow on ripe fruit, 
dotted with oil glands; seeds oblong, green within, some- 
times polyembryonic. 
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The genus Atalantia contains small trees 
somewhat resembling Citrus in general aspect, 
bearing fragrant white flowers and globose fruits 
with the appearance of diminutive greenish- 
yellow oranges. The pulp-vesicles are, however, 
different from those of Citrus in being sessile in- 
stead of stalked. The leaves of Atalantia, although 
almost always unifoliolate like those of Citrus, 
are very different in having much more promi- 
nent, more numerous lateral veins, and veinlets 


’ forming reticulations between the lateral veins. 


Besides the typical species of Atalantia, 
which have numerous sessile, conical pulp- 
vesicles, there are at least two species which be- 
long to the subgenus Rissoa, based on the type 
species A. ceylanica. This species has very large 
seeds which almost completely fill the locules 
of the fruit, leaving very little space for pulp- 
vesicles. Atalantia rotundifolia is closely related 
to A. ceylanica and is perhaps a spineless brachy- 
tic mutation of it. A third species, A. guillau- 
mini, somewhat resembles A. ceylanica and like 
it has large seeds almost completely filling the 
locules of the fruit. However, so far as could be 
determined from the scanty fruits examined, no 
pulp-vesicles are present. It may be found that 
there has been an evolutionary tendency of the 
species of the subgenus Rissoa to lose the pulp- 
vesicles, resulting in the development of com- 
pletely pulpless species obviously closely related 
to Atalantia in spite of lacking one of the most 
important characters of the genus and even of 
the subtribe Citrinae. 

It has in the past been supposed that the 
genus Atalantia was founded by Corréa da Serra 
to include Limonia monophylla L., now believed 
to be a synonym of A. ceylanica. Corréa cited no 
species under his new genus Atalantia but almost 
certainly had in mind the “Limonia monophylla 
L.” described and figured by Roxburgh (1795, vol. 
1, pp. 59-60, pl. 83), since he spoke in detail of 
“singular monadelphy” of the stamens with the 
filaments fused into a complete cylinder, just 
as had been figured by Roxburgh ten years pre- 
viously. That he was familiar with Roxburgh’s 
great work on Plants of the Coast of Coromandel 
is shown by the fact that immediately after dis- 
cussing the genus Atalantia he mentioned Limo- 
nia arborea and L. pentaphylla of Roxburgh (two 
species on which Corréa based his new genus 
Glycosmis) and cited Roxburgh’s plates of them 
which follow immediately after the plate of 
Limonia monophylla. 

In view of these facts, it appears that the 
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genus Atalantia is, in fact, based on Roxburgh’s 
description and illustration of a plant which he 
thought was Limonia monophylla L., but which 
is now known to be another species, very prob- 
ably Atalantia monophylla DC. Keys to the sub- 
genera and species of Atalantia are presented 
below. 


Subgenus Atalantia 


Subgenus Euatalantia Swing. in Bailey, 
Stand. Cycl. Hort. 1:426. 1914. 


Type.—Atalantia monophylla DC. 
Stamens connate, forming a cylindric tube, or 
connate in groups, rarely free; fruits with numerous well- 


developed, juicy pulp-vesicles that fill all the space in the 
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fruit not occupied by the few medium-sized seeds; stipu- 
loid paraphylls absent. 

Seven of the species of Atalantia fall in this 
subgenus. In general appearance they much re- 
semble the species of the subgenus Rissoa. 

1. Atalantia monophylla DC. Prodr. 1:535. 
1824. Limonia monophylla Roxb. (non L.) PI. 
Corom. 1:59. 1795; (?) Turraea virens Hellen. 
(non L.) Act. Holm. 9:308. 1788; (?) T. spinosa 
Willd., in L., Sp. Pl. ed. 4/5. 2:554. 1899 (= T. 
virens Hellen.); Atalantia spinosa (Willd.) Tan. 
Jour. Bot. Brit. & For. 68:232. 1930 (name pre- 
occupied!); (?) Mal-naregam, Rheede, Hort. Ma- 
lab. 4:27. 1679; (?) Malnarega malabarica Raf. 
Sylv. Tell. Mant. 143. (1838); (?) Atalantia mala- 


KEY TO THE SUBGENERA OF ATALANTIA 
A Pulp-vesicles abundant; seeds of medium size, not filling the locules of the fruit; staminal filaments more or less 


COMM ACC ise rere eee te deci dh Sees act nado dewdee acceded eeeeseeetvele 


Poss treat betas Moouasabedauend cienusicncs tee eueAveuk Subgenus Atalantia 


AA Pulp-vesicles few or none (?); seeds large, almost ion ane filling the locules of the fruit; staminal filaments free; 


leaves often with small stipuloid paraphylls at the base of 


SC DEUONGS iecicstsscclarta tsi crete oes Subgenus Rissoa 


KEY TO THE SPECIES OF ATALANTIA 


A Fruits with abundant pulp-vesicles filling the segments; seeds medium-sized (about 10 x 8 X 6 mm)..................... B 
B Flowers large (15-25 mm diam. when open); twigs usually with sen axillary spines................sccccesseseeeeeeeeee C 


C Calyx clavate, hollow, completely covering the flower bud, wi 


splitting into 2 or 3 irregu 


lobes in anthesis; stamens connate for 44—-% of 


out visible rites into sepals or lobes, 


ir length...............-..scoesoe- D 


D Small trees 5-8 m high, with small leaves (3-15 X 2-4 cm); fruits 1.5-2 cm diam.....1) A. monophylla 
DD Trees 8-10 m high, with leaves 5-15 X 3.5-6.5 cm; fruits large (3-5 cm diam.)........ 2) A. macrophylla 


CC Calyx divided regularly into 3-5 sepals. ............. 


0000800060008 SF8 8S 2S SO OSOTSESSEESSOSOEES ESOS SHEERS EEE DS OHOSESODE SEHD OSEHSESCESOHET HSE SSESSESSSEESSCO 


E Staminal filaments usually connate almost to the tips; inflorescences racemose, flowers with short pedi- 
cels (2-3 mm); ovaries usually 2- or 3-loculat.................:scsscsssssssssscsssesssescesssesensssseeeeseeceees 3) A. racemosa 
(Staminal filaments usually more or less connate but often not to the tips and usually not fused into a 
complete cylinder; flowers with piety 3-8 mm long; ovaries 4-locular.....3a) A. racemosa var. henryi] 


EE Stamens connate for about % o 


their length; flowers long-pediceled (6-8 mm), borne in short axillary 


racemes or corymbs 2-3 cm long; petals rong reflexed in anthesis, ................:.ssssssseee- 4) A. citrotdes 


BB Flowers small (6-12 mm diam.); twigs usually (always? 


spineless; ovary 2~ or 3-locular, .............::::ssssseseeeeees F 


F Leaves broadly rounded at base, 6-10.5 X 2-4.5 cm, tapering to a blunt point at apex; calyx lobes very 
A. wightti 


ACUutely POUNte s.5.cscss ccs sicaastewdesuecscpucesascatotoceessden 


saad adbsadpn cde cawtdaateussteetonektat seeusetvactatnassieewieis feasts 5) 


FF Leaves cuneate at base; calyx lobes rounded or bluntly pointed. ...................::sssssssssessssseceesssessanseeeseeneeseeasess G 
G Leaves small and slender (6.5-10 X 2-3.6 cm), acuminate-caudate at apex, cuneate and narrowed to- 


ward petiole at base...............:.:::sssssssssseseees 


ee ed ada are Secret eae cleat ee eae iat ons 6) A. simplicifolia 


GG Leaves medium-sized or large (9-21 X 2-4 cm), often abruptly acuminate at apex but never caudate. 


7) A. roxburghiana 


[Leaves subcoriaceous, oblong-elliptic 10-14 x 4-6 cm, acute or somewhat acuminate at apex, nar- 
rowed to an acute base; flowers 5-merous, borne on very short (1 mm) cels; staminal filaments 


united up to half their length. .................... 


leo cule a Neches 7a) A. roxburghiana var. kwangtungensis) 


[Leaves leathery, broadly oval or elliptical, 9-15 x 3-8 cm, bluntly pointed pie ie tioles 8-13 x 


1-2 mm; inflorescences 2-10 cm long.......... 


Utes ees aatscalel Beinn toate te 7b) A. ¢ 


urghiana var. kerrii 


AA Sore nearly dry with few (or no?) pulp-vesicles; seeds large, plump, more than 10 mm long. Or fruit structure un- 


Short internodes (Drach Vue) x. ca secei sdcseccsccacecesevupese eteuecectest es cu stub esacuegpeshavescsdbsts>isccset cates asiteseuts adGablenet 9) A. rotundifolia 

II Leaves larger (3-10 cm long), not crowded on twigs with short internodes. ..............--.---csscscceccerecceneeereseceeceeseenserees K 
K Flowers medium-sized (12-15 mm diam.); fruits dry or nearly so; seeds large and plump; leaves 1-foliolate, 
petiole articulated with the leak blade. o:cciic:sess.ccceysssvadssagatsssussestsscansteseestuasciuvesecsadessevieucsUecdeb cond coneeutusmedenivedecsdinds L 

L Fruits large (2.4-2.8 cm diam.), dry; seeds plump, 12-15 X 8-9 mm; leaves blunt or pointed at the tip 

DUt NOt Cmarg ater igccerh secu daevovcessccactestsabaceed.vAcevenste sseccticssceed Gumus atuphaeasaess 10) A. guillaumini 


LL Fruits medium-sized (1.5-2 cm diam.), nearly dry; seeds plump, more than 10 mm long; leaves emargi- 


nate at ties Minn totucesdvasdldwalvecbphewabasvaclscuasertentaes 
KK Flowers small (6-10 mm diam.); leaves simple, 
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blade not articulated with the petiole......... 11) A. hainanensis 
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barica (Raf.) Tan. Jour. Indian Bot. Soc. 16:233. 
1937; Atalantia floribunda Wt. Icon. Pl. Ind. Or. 
4:16. 1850. Illus. (?) Rheede, loc. cit. pl. 12; (?) 
Hellenius, loc. cit. pl. 1, fig. 1; Wight, loc. cit. 
pl. 1611. 1874; Beddome, Fl. Sylv. Anal. Gen. 
pl. 7, fig. 5. 1871; Engler, Die Nat. Pflanzenfam. 
3 (pt. 4): fig. 111, C-D. 1896; ibid. 19a: fig. 150, 
C-D. 1931; fig. 3-29 this work. 


st India, Coromandel (Roxburgh). 
Brit. Mus. 


Distribution —Common in India (except in Hima- 
layan region and in Bombay State), Ceylon, Burma, Thai- 
land, Cambodia, Laos, North Vietnam, South Vietnam. 


Common name.—lIndian atalantia. 


A small, much-branched tree with rounded twigs 
usually slightly hairy at first, becoming glabrous, with 
single, stout, sharp spines, 10-15 or 20 mm long, or un- 
armed; leaves bright green above, paler and reticulate- 
veined below, ovate-lanceolate or elliptical, variable in 
size, 3-15 x 2-4 cm (usually 4-8 or 10 x 2.5-3.5 cm), mar- 
gins entire or slightly undulate, apices obtusely rounded, 
often emarginate, bases broadly cuneate, articulated with 
the wingless petioles that are 5-10 mm long and 1.5-2 mm 
wide, flattened above, veins strongly marked on the under 
surface, 10-14 on each side, pated? forming reticulate 
veinlets and also forked near the margins and anastomosing; 
flowers long-pediceled on short racemes (or clustered) in the 
axils of the leaves, pedicels 6-15 mm long, finely pubescent 
or glabrous, merging into the calyx; calyx more or less ir- 
regularly and deeply 2-cleft, and glabrous or finely pubes- 
cent; corolla 4-5-merous, petals white, glabrous, bluntly 
rounded at apex, 8-10 mm long; stamens 8-10, united 
into a tube 6-8 mm long with the anthers borne on the 
free tips of the filaments; pistil slender, 6-7 x 1 mm, 
ending in an abruptly expanded, 3-4-lobed stigma, 1.2- 
1.5 mm diam.; aye caducous; fruits globose, 1.5-2 cm 
diam., yellowish-green when ripe, locules filled with nu- 
merous cuneate, sessile pulp-vesicles which are broad- 
based and tapering to a point at their free end, toward 
the center of fruit; seeds usually only 1 to a locule; often 
some of the locules do not devilip seeds. 


The most remarkable character of this species 
(found also in the closely related species A. aaacrophaglla) 
is its very curious calyx. This is a hollow, balloon-like en- 
velope, not articulated with the pedicel and without any 
sign of sepals. Soon this undifferentiated envelope splits 
more or less irregularly into 2 (rarely 3) lobes, nid expases 
the corolla, stamens, and pistil to view. 

The nomenclature of this species is in a 
confused state. Limonia monophylla of Linnaeus 
has been assumed by almost all taxonomists to 
be this species. However, Trimen (1893, p. 227) 
listed L. monophylla L. as a synonym of Atalan- 
tia ceylanica, and stated that “the figure of Bur- 
mann [1737, pl. 65, fig. 1] . . . appears to repre- 
sent this rather than A. monophylla . . . Her- 
mann’s specimen . . . is certainly A. zeylanica 
[ceylanica].” Airy-Shaw (1939, p. 291) again ex- 
amined Hermann’s specimen (which is in fact the 
type specimen of Limonia monophylla L.) in 
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the British Museum and saw no reason to doubt 
Trimen’s findings. Airy-Shaw then showed that 
A. monophylla was based by De Candolle ex- 
pressly on “Limonia monophylla Linn.” of Rox- 
burgh (1795, vol. 1, pp. 59-60, pl. 83) and that L. 
monophylla L. was not cited. However, the plant 
described and figured by Roxburgh was certainly 
not A. ceylanica and hence was not Limonia 
monophylla L. Airy-Shaw assumed that Rox- 
burgh’s plant from the Coromandel Coast was, 
in fact, A. monophylla as understood by Hooker 
(1875, p. 511), and accepted the name A. mono- 
phylla DC. for it. However, Roxburgh described 
and figured a plant having a “four-five parted” 
calyx, a character not found in A. monophylla 
as understood by Hooker. That species has, in- 
stead of a normal calyx, a bladder-like continuous 
membrane covering the flower bud which, as the 
bud expands, splits irregularly. Possibly both 
Roxburgh and the artist who made the beautiful 
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Fig. 3-29. Atalantia monophylla. Fruiting branch. 
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colored plate of the Coromandel plant failed to 
see the irregularly ruptured calyx and, without 
careful study, assumed that it was 4- or 5-parted 
as in most of the other species of Atalantia and 
other related genera. Roxburgh described the 
leaves as “end-nicked” and “from two to three 
inches long, and one or one and a half broad”; 
nevertheless he published a plate showing a flow- 
ering branch with 23 leaves, none of them emar- 
ginate at the apex, measuring 17% to 2% 4 inches 
long and % to 1%g inches wide, only one leaf 
slightly exceeding the minimum width given in 
the description and more than three-fourths of 
them narrower than 1 inch! In view of these facts, 
no great importance should be attached to the 
fact that neither Roxburgh nor the artist noticed 
at that time the abnormal splitting of the calyx, 
something no botanist had noticed in any species 
of Atalantia or in any other plant belonging to 
the orange subfamily. 

For the present, it seems best to assume 
that Roxburgh was describing and figuring the 
true A. monophylla of Hooker and that A. mono- 
phylla DC. is the oldest valid name for it. 

Atalantia monophylla has very hard wood 
that has been recommended as a substitute for 
boxwood (Gamble, 1915). The fruits are said to 
yield a warm oil used in treating chronic rheu- 
matism by native doctors. One Indian author 
(Nadkani) stated that the fruits “make a nice 
pickle” (Lewis, 1934, p. 80). 

When watered frequently, this species 
makes a luxuriant growth in the greenhouse (see 
fig. 3-29). It should be tested as a hedge plant 
in warm subtropical climates and in dooryard 
gardens as an ornamental, since it has dense 
sree i evergreen foliage and bears a great 
profusion of fragrant flowers and many small glo- 
bose yellow fruits. Atalantia monophylla can be 
grafted on Citrus, and vice versa. 

2. Atalantia macrophylla (Oliv.) Kurz. Jour. 
Asiat. Soc. Bengal 44(2):136. 1875; idem, For. F. 
Burma 1:195. 1877. Atalantia monophylla var. 
macrophylla Oliv. Jour. Linn. Soc. Bot. 5 (Suppl. 
2):24, 1861. 

Type.—Tenasserim (Helfer). Herb. Bot. Gard., 
Calcutta iy 

Distribution —Southern Burma: Tenasserim; An- 
daman Islands; also Bangka Island and Java (fide Engler). 

Common name.—Giant Andaman atalantia. 

This species was at first considered to be a sub- 
species of A. monophylla, since it has, like that species, 
the calyx irregularly split, usually to the base on one 
side; it differs, however, in having 2 ovules in each locule 
of the ovary (A. monophylla usually has only 1), and in 
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having larger and broader leaves (5-15 X 3.5-6.5 cm). 
Kurz (1877, vol. 1, p. 195), who raised A. macrophylla to 
poe rank, found that it had fruits much larger than 

ose of A. monophylla; he stated that they are “the size 
of a wood apple” [which measures about 3.5-5 cm diam.]. 
The pedicels of the short racemes are long (6-15 mm), as 
in A. monophylla, but are very stout, stiff, and com- 

ressed. Atalantia macrophylla is a small tree, 8-10 m in 
height, occurring in the Andaman Islands and Tenasserim. 
Kurz described it as glabrous in all parts and almost 
spineless. 

Unfortunately, this very interesting Ata- 
lantia has been very inadequately studied and 
has never been figured. Kurz showed clearly that 
the two species agree in possessing this remark- 
able character by putting both A. monophylla 
and A. macrophylla into the first division of his 
key to the species of Atalantia, which reads: 
“Calyx irregularly lobed, split to the base on 
one side.” All other Aurantioideae have flower 
buds with a more or less regularly (usually 3 to 
5-) lobed calyx. This character, shared in common 
by the two species, is an almost certain indica- 
tion of their very close relationship. 


Parkinson reported (1923, p. 108) that the 
trunk of this species measures 2 to 3 feet (61 to 
91 cm) in girth at breast height (19.3 to 29.1 cm 
diam.), an unusual girth for an Atalantia. This 
Andaman Island form (which Parkinson called 
A. monophylla) has globose fruits 2.5 cm in 
diameter; it is common everywhere in deciduous 
forests. 

Engler (1931, p. 328) recognized A. mac- 
rophylla as a good species distinct from A. 
monophylla. Hochreutiner (1904, pp. 50-51) con- 
sidered the form from Bangka Island as a variety 
of A. monophylla differing “in having somewhat 
larger leaves, less hairy twigs and especially in 
having a larger calyx with convex acute lobes; 
in the typical A. monophylla the calyx lobes are 
smaller and truncate-scarious.” A specimen exam- 
ined in the Botanic Garden at Buitenzorg (now 
Bogor), Java, was a round-topped tree, 12 m high, 
with a deeply furrowed trunk 1.8 m in circumfer- 
ence (59 cm diam.), forking at 1 m from the 
ground and branching profusely at 2 to 3 m from 
the ground. No information is given by Hochreu- 
tiner concerning the size of the fruits or the num- 
ber of ovules in each locule of the ovary. 


Atalantia macrophylla is the only species 
of the subgenus Atalantia that is found south 
of the Asiatic mainland; it seems to have spread 
westward to the Andamans and southward to 
Bangka from extreme southern Burma, retaining 
its large size and exceptional girth, but showing 


BOTANY OF CITRUS 


diminished (although still large) fruit size. The 
typical form of the species, sme in Tenas- 
serim, has the largest fruits of any of the Near- 
Citrus Fruit Trees (included in the genera Ci- 
tropsis and Atalantia). 


3. Atalantia racemosa Wight,'® Hook. Jour. 
Bot. 1:64, pl. 122. Jan., 1834; A. racemosa Wt. & 
Arn. Prodr. 1:91. Apr., 1834, nomen semi-nudum. 
Sclerostylis racemosa Wt. 1838?; S. parvifolia 
Wt. 1838?; Lampetia racemosa (Wt.) Roem. Syn. 


Hesper. 1:42. 1846. Illus. Wight, loc. cit. pl. 122; 


idem, lll. Ind. Bot. I:pl. 71. 1838?; idem, Icon. 
Pl. Ind. Or. 1: pl. 71. 1840; Beddome, FI. Sylv. 
Anal. Gen. xlvii, pl. 7. 1871; Talbot, For. FI. 
Bomb. Sind. 1: p. 202, fig. 123. 1909; Swingle, 
Jour. Arnold Arbor. 21:133, pl. 4, fig. 5. 1940. 


Type.—Southwestern British India, “Madera. . . 
Alpine country” (Wight). Herb. Univ. Glasgow. 

Distribution.—Southwestern India: Konkan Coast 
to Travancore; Ceylon. It is much more common in the 
Bombay Presidency than A. monophylla, which is there 
rare (fide Cooke, 1903, p. 187). 

Common name.—Bombay atalantia. 

This species was described by Hooker (1875, vol. 
1, p. 512) as follows: “Leaflet oblong-elliptic or ovate- 
oblong, tip obtuse or 2-lobed, flowers racemed, rarel 
fascicled, racemes pubescent or glabrous, calyx disbed. 
lobes acute or obtuse, filaments more or less connate, 
ovary 2-3 celled, ovules 2 collateral. . . . A small tree, 
armed or unarmed, very similar to A. monophylla, but the 
flowers, instead of being long-pediceled in short racemes 
or fascicles, are shortly-pediceled on racemes sometimes 
3 in. long, but at others almost reduced to corymbs; the 
leaves are usually larger, and often broader, though quite 
small in Wight’s figure; the flowers are of the same size, 
but often very crowded and the buds very globose, they 
are usually 4- but sometimes 3-5-merous, and the fila- 
ments are free or variously united; the ovary is sessile on 
a small disk.—The great distinction between these spe- 
cies is in the more or less regularly 4- (3-5-) lobed psa 
of this, the lobes of which are acute or obtuse. Fruit fo 
bose, % in. [19 mm] diam. One of Wight’s specimens has 
ovate leaves, cordate at the base. Wallich’s 6358-E, from 
Penang (G. Porter), in fruit only, with leaves cordate at 
the base, may be this or the following [A. ceylanica], or 
something different from both.” 


This species, like A. monophylla, has the 
stamens fused into a tube. In A. racemosa, how- 
ever, the stamens are often fused all the way to 
the tips into a cup-like cylinder surrounding the 
ovary and the anthers are attached direct to 
the edge of the cup, whereas in A. monophylla 
the tips of the stamens are free and only the bases 
(about two-thirds to three-fourths of their length) 
are fused together into a tube which is some- 
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what irregular because the free tips vary in 
length. The flower buds of A. racemosa are glo- 
bose and the calyx differentiates into four or five 
(rarely three) lobes, whereas in A. monophylla the 
flower buds are oblong or ovate, pointed at the 
tips, and the calyx shows no division into sepals 
but splits more or less irregularly into two or 
three lips often to the base on one side as the 
bud opens. The fruits are much like those of 
A. monophylla. They are globose, about 18 to 
20 mm in diameter, and show the three to five 
lobes of the persistent calyx. The flesh is com- 


posed of pulp-vesicles. 


3a. Atalantia racemosa var. henryi Swing. 
Jour. Arnold Arbor. 21:127. 1940. Illus. Swingle, 
loc. cit. pl. 4, figs. 1-4. 


Type.—China, Yunnan Province, Szemao, alti- 
tude 1,220 m (Henry, No. 12930). in Herb. Arnold Arbor. ; 
photographs and serial microtome slides, S. and T. Nos. 
660-A, 660-B, 660-C, and 660-D (14 slide with 464 cross 
sections and 156 longitudinal sections). in Herb. Natl. 
Arbor. Paratype: Same collection, in Natl. Herb., sheet 
No. 459320. 

Distribution. China: Szemao and Chi-li district 
in southern Yunnan Province near the Indo-Chinese bor- 
der at altitude 1,100-1,800 m. 

Common name.—Henry’s atalantia. 

A small tree, 4-7 m high, ultimate branches slen- 
der, 2-3 mm diam., soon terete, spineless; leaves glabrous, 
lanceolate, short-acuminate at apex, acumen 5-8 X 4-3 
mm, tip blunt or even slightly emarginate, cuneate at base, 
lateral veins very numerous, 15-30 on each side, not all 
clearly marked, arising at angles of 50°-70° with the mid- 
rib, margins subentire, petioles 5-10 X 1.2-2 mm, gla- 
brous, coriaceous, more or less wrinkled, with a deep 
narrow channel, 0.5-0.8 mm wide on upper side, articu- 
lated with the leaf blade; inflorescences single axillary 
racemes, 1-2 cm long, with 5-15 flowers borne on slender 
pedicels 3-8 mm long, peduncles, pedicels, and calyx 
pubescent, flower buds subglobose, 3-4 mm diam., calyx 
lobes rounded, 1.8-2 mm long, 2-3 mm wide, margins 
thin and ciliate, petals oblong, rounded at apex, stamens 
8, filaments glabrous or very sparingly short ciliate, co- 
hering irregularly in groups, sometimes almost to the tips, 
in other flowers free almost to base, anthers about 2 mm 
long, attached near the middle to the narrowed filament, 
connective bearing 1 medium-sized oil gland near tip; 
disk cup-shaped, 0.5 mm high, 2 mm wide, pistil 3.5-4 
mm long, ovary ovate, 1.5 X 1.5 mm, 4-locular with 2 
ovules in each locule, with 1 medium-sized oil gland at 
top of each locule, style short and thick, 2 mm long (in- 
cluding stigma), 0.7-0.9 mm wide, stigma not clearly dis- 
Fe donee from the style, about 0.9-1 mm wide, with 4 
stylar canals with 2 medium-sized oil glands in each space 
between two stylar canals; fruits subglobose, 1.5-2 mm 
diam., borne sparingly (1-2?) on each raceme on pubes- 
cent pedicels 3-5 Xx 1.5-2 mm, with numerous sessile 


15 Usually credited to Wight and Arnott but first published by Wight in January, 1834, with full description and 
plate, whereas the Prodromus in which it appears as A. racemosa Wt. et Arn. was not published until after March 20, 
1834, and furthermore gives only a very brief description scarcely adequate for valid publication. 
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pulp-vesicles (scanty in ripe fruit from seed pressure?), 
sede 1-3, ovoid-oblong, 12 X 7 mm, monoembryonic. 

This variety resembles the typical A. ra- 
cemosa of southwestern peninsular India and 
Ceylon in its racemose flower clusters, but it has 
larger leaves, flowers with longer icels and 
usually with a 4-locular ovary (not 2- or 3-locular) 
and with the staminal filaments rarely completely 
connate into a long tube. 

It is remarkable that so far as is known 
neither this variety nor the species itself has 
been found in the vast region, some 2,700 kilo- 
meters across, that separates the Mekong River 
valley of southern Yunnan from the Western 
Ghats in Bombay State, India. There are many 
instances of discontinuous distribution of spe- 
cies or of varieties of a single species belonging 
to the tribe Citreae but few are as striking as 
this one. 

4. Atalantia citroides Pierre ex Guill. in Le- 
comte, Not. Syst. 1:178. 1910. Illus. Guillaumin, 





Fig. 3-30. Atalantia citroides. Leafy twig. 
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loc. cit. p. 176, fig. 8 (2); p. 177, fig. 9 (3, 4); idem, 
in Lecomte, Fl. Gén. Indo-Chine 1: pl. 24, figs. 
C and 5, 6. 1911; fig. 3-30 this work. 

Type.—French Indo-China, Cochin China, Mount 
Dinh (Pierre, No. 4011). Herb. Mus. Hist. Nat., Paris. 

Distribution—South Vietnam: Cochin China; 
Cambodia. 

Common name.—Cochin China atalantia. 

Guillaumin’s original description of this species 
reads, in translation, as follows: “Trees 5-10 m high, gla- 
brous, g ie straight, few, 5 mm long, in the axils of the 
leaves; branches grayish. Petioles glabrous, 1 cm long. 
Leaves coriaceous, ovate (5-9 X 2-4 cm), entire, atten- 
uate at the base, attenuate and emarginate at the apex, 
primary and secondary veins prominent above and baleen 
oil glands visible only by being pellucid [to transmitted 
light]. Flowers very glabrous, in the axils of the leaves, 
pedicels glabrous, 1 cm long, with bracts at the base; 
calyx cupulate, with 3 or 4 lobes, obtuse at the apex; 
petals 4, reflexed, ovate, attenuate at the apex; stamens 10, 
almost as long as the petals, more or less equal, connate 
for 34 of their length, anthers ovate, apiculate; disk annu- 
lar at the base of the ovary; ovary ovoijd-elongate, termi- 
nating in an articulated cylindric style, caducqus at ma- 

irity, stigma capitate, locules 3-5, ovuJles 1-2 [in each 
ocule], sollatorsk Fruit very similar to a small orange, 2 
cm diam., pulp made up of succulent vesicles, senils el- 
lipsoid, about 1 cm long.’ 

The specimens from Cambodia were said by 
Guillaumin to differ from those from Cochin China in 
having the young twigs, as well as the peduncles and 
pedicels of the flower clusters, slightly pubescent, as shown 
in his figure C, cited above. 

This species has the filaments of the sta- 
mens united into a cylindrical tube like A. mono- 
phylla and A. racemosa. The tips of the filaments 
(about one-third of their length) are free and the 
anthers are oval and apiculate, not triangular, as 
in A. monophylla. The petals are narrowed at the 
tip, not broadly rounded. The inflorescences re- 
semble those of A. monophylla, having rather 
long-pediceled flowers clustered on short in- 
florescences in the axils of the leaves. The calyx 
is much like that of A. racemosa, with three to 
four sepals. The fruits resemble small oranges 
about 20 mm in diameter, with a rough peel and 
the flesh formed of sessile, conical pulp-vesicles. 
The seeds are ellipsoid, about 10 mm long. 

This species grows to be a medium-sized 
tree, 5 to 10 m high, and is probably larger and 
more vigorous than any other species of the sub- 
genus Atalantia except A. macrophylla. 

Although this species looks much like 
A. monophylla and has flowers with similar sta- 
minal tubes, it differs greatly in having a calyx 
with distinct sepals, unlike the curious balloon- 
like calyx of A. monophylla and A. macrophylla 
that splits irregularly into two or three lobes as 
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the flower bud expands. Tanaka (1930a, p. 163) 
made this species a synonym of A. monophylla, 
overlooking this important difference. Guillau- 
min, who studied A. monophylla, also widely 
distributed in Indo-China, considered it to be 
clearly distinct from A. citroides. 

5. Atalantia wightii Tan. Bul. Soc. Bot. 
France 75:714. 1928. 

Type.—Nilgiri Hills, Madras, southern British In- 
dia (Bentham, No. 1531). Herb. Kew. 

Distribution.—India: northern Canara, Bombay; 
Mysore and Madras (fide Tanaka, 1937, p. 234). 

Common name.—Nilgiri atalantia. 

Tanaka’s original description reads, translated, as 
follows: “Leaves oblong-ovate, coriaceous, acute at the 
tips, rounded at the base, never attenuate; [stipuloid] 
paraphylls linear, very short; racemes earay areate calyx 
lobes very narrow and acute, glandular; stamens free (at 
length sometimes crowded); style evenly cylindric; stigma 
obtuse.” A typical specimen sollecied: in Nilgiri Hills, 
India (Bentham, No. 1531), preserved in the Rijks Herb- 
arium at Leiden, Holland, of which Tanaka provided 
Swingle a photograph, shows leaves 6-10.5 X 2-4.5 cm 
(exclusive of petioles), acute at the tip and rounded or 
subcuneate at the base, lateral veins numerous, 15-20 or 
more pairs arising at a wide angle (60°-70°) with the 
midrib, margins entire; petioles very short, 4-6 x 1-2 mm, 
wingless. Another specimen of Bentham’s collection 
(No. 1531), preserved in the herbarium of the British 
Museum, London, shows the flowers in axillary racemes 
or corymbs, with 8-10 or more very small flowers borne 
on slender pedicels 4-5 mm long. 

A specimen with good flowers and young fruits 
in the herbarium of the Arnold Arboretum at Jamaica 
Plain, collected by Father Anglade in southern India in 
the Kodaikanal region, Pulney [or Pulni] Hills, about 75 
kilometers northwest of Madura, identified by Tanaka 
(“Det. A-382”) as Atalantia wightii, has smaller leaves than 
the type specimens, blunt at the apex and emarginate, 
with the leaf blades 4-7 (or 8?) X 1.5-3.8 cm, with fewer 
lateral veins (11-18); petioles 3-6 mm long; flowers small, 
densely crowded in axillary racemes, pedicels very slender, 
3-4 mm long; calyx lobes subacute at apex; petals linear, 
tapering to an acute apex, 5.5-6.5 X 2.5-2.8 mm. 

In properly restored material from this specimen 
cut into serial sections the floral organs appear as follows: 
Stamens 4.5-5 mm long, filaments 2.8-3.2 mm long, 0.1 
mm wide at base, tapering upward, 0.25-0.3 mm thick, 
cohering in groups near the base, anthers without an oil 

land in the connective; pistil (including disk) 4.5-5 mm 
toe: disk short, shallow-cupulate, 0.5-0.6 mm high, 1.5 
mm wide; ovary ovoid, 2 mm long, 1.6 mm wide, merging 
into the thick style, which is about 2 mm long, 1 mm 
wide, and merges into a stigma of nearly the same width, 
slightly 2-lobed for about 0.4-0.5 mm at the top; young 
fruits fusiform, 8-9 x 5-5.5 mm (when dry), in restored 
microtome cross section 6-7 mm diam., 2-locular with 2 
collateral ovules in each locule, and a few pulp-vesicles 
developing in the locule walls. 

It seems probable that A. wightii is some- 
what related to A. simplicifolia and A. roxburghi- 
ana. Like these two species, it needs more study 


of the flower and fruit characters. 
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6. Atalantia simplicifolia (Roxb.) Engl. Die 
Nat. Pflanzenfam. 3(4):192. 1896. Amyris sim- 
plicifolia Roxb. Fl. Ind. 2:244. 1832; Atalantia 
caudata Hook. f. Fl. Brit. Ind. 1:513. 1875. 

Type.—“Pulo Penang,” Malaya? (coll.?). Herb. 
Brit. Mus., London. 

Distribution.—Northeastern India: Khasi Hills; 
also, fide Tanaka (1930b, p. 232), in [northern] Burma 
but not yet found in Malaya or even in southern Burma 
(Tenasserim). 

Common name.—Khasi Hills atalantia. 

Hooker's original description of A. caudata, col- 
lected by Hooker and Thompson at Churra, altitude 1,220 
m [4,000 ft.], Khasi Mountains, northeastern India, now 
considered a synonym of A. simplicifolia, reads as follows: 
“Leaflet elliptic-lanceolate caudate-acuminate with a 
broad 2-lobed tip; flowers small in very short glabrous 
racemes, calyx very small 4-5 lobed, ovary 2-celled, 
ovules 2 collateral . . . A glabrous unarmed shrub, with 
slender branches. Leaflets 3-4 in. [7.5-10 cm], much nar- 
rower and more narrowed at each end than in any con- 
gener, margin quite entire, tip sometimes dilated. Racemes 
14 in. [13 mm], peduncles and pedicels much more slen- 
der than its congeners. Flowers 14-4 in. [6-8 mm] diam., 
white, fragrant, usually 4-merous, buds rather longer than 
broad. Calyx very small. Petals obovate-oblong. Stamens 

uite free; anthers ovoid. Ovary sessile on a disk narrower 
than itself; stigma subcapitate.—A very distinct species, 
distributed as A. Roxburghiana? by T. Thompson and 
myself.” 

The type specimen of Roxburgh’s Amyris simplici- 
folia, preserved in the herbarium of the British Museum, 
shows the following characters: leaves elliptical-lanceo- 
late, 6.5-9.5 cm long (excluding petioles), 2-3.6 cm wide, 
acuminate at the apex, with an acumen 6-8 x 4-1 mm, 
the tip blunt and minutely emarginate, cuneate at the 
base and narrowed toward the pees petioles 5-6 X 1- 
1.5 mm with a narrow (nearly closed?) canal on the upper 
side, articulated with the blade, primary veins 10-16 with 
about as many fainter ones between, arising at angles of 
50°-60° with the midrib; infiorescences axillary, pe- 
duncles 1-3 cm long, 0.4-0.6 mm wide, pedicles almost 
all fallen (about 3.5 mm long?). 

The type specimen of A. caudata preserved in 
the Kew Herbarium looks very much like the type of 
Amyris simplicifolia except that the leaves are slightly 
narrower, 2-2.8 cm wide, and have a longer acumen, 8- 
11 X 4-2 mm, with a blunter, more deeply emarginate 
apex. 

This species is still incompletely known 
and in particular the flowers and fruits are not 
adequately described. It is without doubt related 
to A. roxburghiana but seems to be specifically 
distinct. It has been found so far only in the 
Khasi Hills in Assam and in near-by parts of 
northwestern Burma, more than 2,500 kilometers 
distant from the type locality of A. roxburghiana 
at Malacca; it has not yet been found in south- 
ern Burma (Tenasserim) about 1,800 kilometers 
distant. 

The nomenclature of this species is con- 
fused. The type specimen in the British Museum 
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is credited to Pulo Penang, but the species has 
never been found anywhere near Penang. The 
original description of Amyris simplicifolia Roxb. 
agrees fairly well with the type specimen, but a 
drawing of the ies, made by Roxburgh and 
published later by Wight (1840, pl. 72) under 
the name Sclerostylis roxburghii, does not agree 
either with the description or with the type speci- 
men, as it shows short petioles not articulated 
with the blade, the margins of which are decur- 
rent well down the petiole. It also shows only a 
few (five to seven) main lateral veins and about 
as many more fainter and shorter ones, whereas 
the type specimen shows many more veins, both 
strong faint. 

If the figure was made from some other 
plant, not this species, and if the type specimen 
came, not from Penang, but from Assam in north- 
eastern India, or from northwestern Burma, then 
undoubtedly the name A. simplicifolia will hold. 


7. Atalantia roxburghiana Hook. f. F1. Brit. 
Ind. 1:515. 1875. 

Type.—Malay Peninsula, Malacca (Griffith). Herb. 
Bot. Gard., Calcutta? 

Distribution.—Malay Peninsula, also Indo-China; 
fide Tanaka, varieties of this species also occur in Thai- 
land and southeastern China; also, fide Burkill (1931, p. 
216), in northern Sumatra. 


Common name.—Malayan atalantia. 


A sprawling thornless shrub, ultimate branchlets 
slender, 1.5-2.5 mm diam., soon terete, glabrous; leaves 
large, lanceolate or long-elliptical, tapering toward both 
ends, but often acute or shortly subacuminate at apex 
and sometimes broadly cuneate or rounded at base, 9-21 
cm long (including petiole), 2-4 cm wide, glabrous, sub- 
coriaceous, with abundant veins visible on Both surfaces, 
Pp veins very abundant, 10-12 stronger ones and as 
many fainter ones arising at an angle of 70°-80° with the 
midrib; petioles short, 6-10 mm long, 1.3-1.8 mm wide, 
with a very narrow, almost closed canal, 0.3-0.7 mm 
wide, on the upper side, glabrous, articulated with the 
leaf blade; flowers not seen; inflorescences (bearing fruits) 
axillary, 1-6 cm long, peduncle often simple, bearing pedi- 
cels 5-6 mm long, 0.6-1 mm wide; salva lobes 4, per- 
sistent, glabrous, rounded, margins thin, sparingly ciliate; 
fruits subglobose, 1.5-2 cm diam., young fruits 2-locular, 
with abundant sessile, conical pulp-vesicles, older fruits 
often nearly full of oblong ood 10-12 X 46 mm; oil 
ag in peel rather sparse and often large, 0.3-1 mm 


This seems to be a very well-defined spe- 
cies, easily recognized by its being spineless and 
having unusually long leaves with short petioles, 
less than one-tenth as long as the blade, which 
have a nearly closed canal on the upper side. It 
is closely related to A. simplicifolia, which has 
smaller acuminate or caudate leaves. Two varie- 
ties of A. roxburghiana are described below. 
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The nomenclature of this ies and of 
A. simplicifolia is badly confused, so badly con- 
fused that it cannot be settled finally without 
further study of the type material of both A. rox- 
burghiana and A. simplicifolia. It is possible that 
the name here used can be considered as legal 
since it was based, in part, on fruiting material 
that doubtless belongs to the species as here de- 
scribed. Unfortunately, the original description 
was also based on a misleading illustration of 
Amyris simplicifolia Roxb. which does not agree 
with the original description of Amyris simplici- 
folia or with the type specimen of it preserved 
in the British Museum. 


7a. Atalantia roxburghiana var. kwangtun- 
gensis (Merr.) Swing. Jour. Arnold Arbor. 21:129. 
1940. Atalantia kwangtungensis Merr. Phil. Jour. 
Sci. 21:496. 1922. 

Type.—China, Kwangtung Province, Tung Sing 
(Ts‘oong, No. 1936). Herb. Bur. Sci., Manila. 

Distribution.—Known dnly from the type locality. 

Common name.—Kwangtung atalantia. 


The original description, in English, reads as fol- 
lows: “A glabrous shrub, the branches terete, the branch- 
lets somewhat compressed, unarmed. Leaves subcoriaceous, 
olivaceous, oblong-elliptic, 10 to 14 cm long, 4 to 6 cm 
wide, subequally narrowed to the acute base and to the 
acute or somewhat obtusely acuminate apex, the upper sur- 
faces slightly shining, the lower somewhat paler; primary 
lateral nerves about 14 on each side of the midrib, promi- 
nent on the lower surface, the ultimate reticulations rather 
close and distinct on both surfaces, the glands invisible ex- 
cept by transmitted light; petioles about 5 mm long. Inflor- 
escences axillary, very short, of solitary or fascicle-like 
racemes, the rachis 3 mm long or less. Flowers white, 
about 6 mm long, their pedicels stout, 1 mm in length; 
bracteoles ovate, obtuse, about 1 mm long, the mar 
ciliate. Calyx lobes 5, orbicular, rounded, 1.5 to 2 mm 
wide, the margins slightly ciliate. Petals 5, 4 to 5 mm 
long, oblong-elliptic, rounded, glabrous. Stamens usually 
8, the filaments about 3 mm long, flattened, glabrous, and 
united for the lower one-half; anthers 1.2 mm long. Ovary 
glabrous; style 1 mm long.” 


This variety differs from the species in hav- 
ing usually 5-merous flowers (instead of 4-merous) 
and staminal filaments cohering from the base for 
about half their length instead of being free. 
Tanaka (1930b, p. 232) referred A. kwangtungen- 
sis to A. roxburghiana and Merrill (1931, p. 311) 
accepted this reduction. In view of the presence 
of characters in A. kwangtungensis not yet found 
in typical A. roxburghiana, it appears possible, 
even probable, that the southern Chinese form 
deserves to be recognized as a variety, as done 
here, pending further study of the A. roxburghi- 
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7b. Atalantia roxburghiana var. kerrii 
Swing. Jour. Arnold Arbor. 21:129. 1940. 


Type.—Thailand, Sam Roi pee (Kerr, No. 10943). 
Herb. Univ. Aberdeen; photographs, fragments, and 12 
serial microtome cross sections of a fruit, S. and T. No. 
684-A, slides 1-4, in Herb. Natl. Arbor., Washington, D.C. 


Distribution Known only from the type locality. 
Common name.—Kerr’s atalantia. 


A small tree up to 5 m tall, ultimate branches 
at first green and slightly angular, soon brownish, terete 
and faintly striate longitudinally; internodes 1.2 cm long; 
leaves thick and leathery, broadly oval or elliptical, smaller 
ones lanceolate, 9-15 cm long (including the petiole), 3-8 
cm wide (usually 6-8 cm), tapering to a iaat apex, 
broadly cuneate at base with numerous small oil glands 
scattered over the whole surface of the leaf blade but 
scanty near the margins which are entire or faintly cren- 
ulate and slightly thickened at the very edge, lateral veins 
7-12 pairs, nearly straight or slightly curved, forking at 
46-8 of the distance to the margin, making angles of 45°- 
60° (rarely 65°-70°) with the midrib, with numerous 
small lateral veinlets that anastomose; petioles stiff, gla- 
brous, wrinkled, 8-13 mm long, with a shallow channel 
on the upper side, 1-2 mm wide, 0.4-0.5 mm deep; in- 
florescences axillary, paniculate (?), 2-10 cm long, pe- 
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duncle 1-2 mm diam., pedicels 5-8 X 1.25-1.8 mm; 
fruits subglobose, 1.5-1.8 cm diam., peel covered with 
large, slightly sunken oil glands, 0.5-0.9 mm diam., 3- 
locular, pulp-vesicles numerous, sessile, 3-5 mm_ long, 
filling all the space not occupied by the seeds; seeds ovoid 
11.5-12 x 10-11 x 6-8 mn, with a very thin, papery 
testa (which swells and separates from the embryo in hot 
water), monoembryonic. 

This remarkable Atalantia has large, broad, 
coriaceous leaves; unfortunately it is known only 
in the fruiting stage. It differs strikingly in its 
leaf characters, not only from A. roxburghiana, 
but also from the other species of Atalantia known 
from the Indo-Chinese region. As the species of 
this genus are, most of them, variable in many 
of their characters, it seems best to consider this 
striking form as a variety of A. roxburghiana 
Hook. f., not uncommon in the Malay Peninsula 
and reported from Indo-China, at least until 
flowers can be secured for study. This variety 
is named in honor of Dr. A. F. G. Kerr, who 
did so much to make known the rich flora of 
Thailand. 


Fig. 3-31. Atalantia ceylanica. Left, leafy branch with thorns. Right, leafy twig, fruits, and seeds. (Photo by 
W. P. Bitters. ) 
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Subgenus Rissoa 


Subgenus Rissoa (Arn.) Swing. in Bailey, 
Stand. Cycl. Hort. 1:426. 1914. Rissoa Arn. Nov. 
Act. Acad. Caes. Leop.-Carol. 18:324. 1836. 

Type.—Rissoa ceylanica Arn. = Atalantia cey- 
lanica (Arn.) Oliv. 

Stamens free; fruits with the locules nearly filled 
with large seeds, with only a few sessile pulp-vesicles; 
leaves often accompanied at the base with a pair of small 
stipuloid paraphylls. 

e species of this subgenus are very like 
those of the subgenus Aftalantia in general ap- 
pearance but differ from them in having free 
stamens, and nearly fruits with large seeds, 
almost filling the locules. Only two species of 
Atalantia (A. ceylanica and A. rotundifolia) are 
now known to belong to this subgenus, but prob- 
ably several others will be placed here when their 
fruit structure is better known. 

8. Atalantia ceylanica (Arn.) Oliv. Jour. 
Linn. Soc. Bot. 5 (Suppl. 2):25. 1861. Rissoa cey- 
lanica Arm. Nov. Act. Acad. Caes. Leop.-Carol. 
18:324. 1836; Limonia monophylla L. Mant. PI. 
Alt. 237. 1771; Sclerostylis ceylanica Wt. 1840; 
S. arnottiana Wt. 1840. Illus. Swingle, in Bailey, 
Stand. Cycl. Hort. 1:426, fig. 434. 1914; fig. 3-31 
this work. 

Type.—Ceylon (Wight, No. ?), Glasgow Univ. 
Herb. (fide Tanaka, 1930b, p. 232). 

e Distribution-Cey lou. low country; southern In- 
1a. 


Common name.—Ceylon atalantia. 

This species was described as it occurs in Ceylon 
by Trimen (1893, p. 227) as follows: “A much-branched 
bush, usually armed with very sharp, stout spines, 4-1 in. 
(6-25 mm] long, bark smooth, brown, young parts gla- 
brous, l[eaves] very variable, 144-3 in. [3-7.6 cm long], 
lanceolate or oval-oblong or somewhat ovate, rounded at 
base, emarginate or 2-lobed at apex, entire, coriaceous, 
veiny, petiole short, thick, glabrous; H[owers] % in. [13 
mm diam.] or rather more, on somewhat slender, glabrous 
ped[icels], usually crowded in short, very finely pubes- 
cent, corymbose or racemose cymes much shorter than 
the [eaves], bracts minute; cal[yx] lobes broad, shallow, 
often obscure, finely ciliate; pet(als] 4 (rarely 3 or 5), 
oval, with a broad claw, obtuse, thick, slightly concave, 
glandular; stam[ens) 8, alternate ones longer, quite dis- 
tinct, fillaments] flat, rather wider than anth[ers], 
anth[ers) cordate-ovate, apiculate; ov[ary] sessile, smooth, 
2-celled, with 2 collateral ovules in each cell; style short, 
stout, stigma clavate; berry %-% in. (13-19 mm diam.], 
globular-ovoid, 2-4-seeded.” 

Hooker (1875, p. 511) described it as follows: 
“leaflet obtuse, notched or 2-lobed, rarely obtusely acumi- 
nate, flowers very shortly racemed, calyx 4-lobed, fila- 
ments free or 2 or 3 of them more or less combined, ovary 
2-celled, ovules, 2-collateral.” He mentioned in the notes 
that the ovary is “sunk in the annular disk.” 


Atalantia ceylanica is remarkable for its 
nearly dry fruits, with the very few pulp-vesicles 


Google 


THE CITRUS INDUSTRY 


almost crowded out by the large, plump seeds 
that almost completely fill the locules. Small 
stipuloid paraphylls, 4 to 6 mm long, often occur 
singly or in pairs at the base of the petiole. This 
species seems to be related to A. guillaumini, 
from Indo-China, which apparently has lost its 
pulp-vesicles and has still na i seeds that com- 
pletely fill the locules of the fruit. 


9. Atalantia rotundifolia (Thwaites) Tan. 
Bul. Soc. Bot. France 75:714. 1928. Sclerostylis 
rotundifolia Thwaites, Enum. Pl. Zeyl. 46. 1858; 
Atalantia ceylanica var. rotundifolia (Thwaites) 
Oliv. 1861. 

Type.—Ceylon, Muratte (Thwaites, No. 3295). 
Herb. Kew; photographs, fragments, and serial micro- 
tome sections of type material, S. and T. Nos. 652-A, 
652-B, 652-C, and 652-D, 17 slides, in Herb. Natl. Arbor., 
Washington, D.C. 

Distribution Ceylon: “Montane zone at about 
4,000 ft. [1,220 m] and upwards”; also in Madras, India, 
and eastward in Indo-China (Vietnam), Annam and Co- 
chin China (fide Tanaka, 1928), p. 714). 

Common name.—Dwarf Ceylon atalantia. 

Thwaites’s original description reads (translated 
with the addition of the English account) as follows: 
“Spineless; leaves rounded or ovate-rounded, retuse, cori- 
aceous; inflorescences racemose, hg ia at the ends of 
the branches. A small tree, very much branched, glabrous. 
Leaves 0.75-1.75 in. [19-45 mm] long, 0.5-1.4 in. [12-39 
mm] wide; petiole 1-2 lin. [2-4 mm] long. Racemes axil- 
lary and terminal, solitary, or in clusters of 2 or 3, 5-10- 
flowered, as long as the leaves. Flowers 4-merous. Calyx 
profoundly 4-lobed; lobes rounded. Ovary oblong, short- 
stalked, attenuate into a cylindric style of equal length 
ending in a compressed-dilate top with stigmatic margins; 
locules 2, 2-ovulate [Latin to here]. 

“Closely allied to the preceding species [= A. 
ceylanica], but distinguished at once by the absence (ap- 
prey of spines, and the different shape of the leaves. 
The calyx is Asephy four-lobed, whereas in S. [Atalantia] 
ceylanica it is scarcely more than undulated; the style is 
also more slender in the present species, and the ovary 
more decidedly stalked. In both species the latter organ 
is surrounded at its base by a free, glandular annulus.” 


A photograph of Thwaite’s type, No. C.P. 
3295, in the Rijks Herbarium at Leiden, sent 
Swingle by Tanaka, shows that this species has 
the leaves densely crowded on the twigs, because 
of the shortness of the internodes. No spines can 
be seen. Many of the leaves are sen bapa in 
shape, abruptly rounded at the narrow base but 
usually emarginate (often rather deeply) at the 
apex, giving the appearance of an obcordate leaf 
that had been greatly compressed laterally. The 
leaves appear to be tufted at the ends of the 
short twigs, where the internodes must be very 
short, probably only 4 to 6 mm long in some 
instances, 
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The whole appearance of this plant is rem- 
iniscent of the spineless or nearly spineless, short- 
internoded mutations of Severinia buxifolia—for 
example, the brachytic form (see p. 286)—and 
the myrtle-leaved mutation of the sour or Seville 
orange, Citrus aurantium var. myrtifolia (see p. 
378). Possibly this species arose from A. ceylanica 
as such a brachytic, spineless mutation which in 
time bred true and persisted at higher altitudes. 
Atalantia rotundifolia therefore is probably to 
be considered as a satellite species of A. ceylan- 
ica. It is possible that A. rotundifolia will some 
day be used for hedges or other ornamental pur- 
poses in moist subtropical regions. 


SPECIES OF UNCERTAIN RELATIONSHIPS 


10. Atalantia guillaumini Swing. in Le- 
comte, Not. Syst. 2:159. 1911. Atalantia disticha 
Guill. (non Merr.) in Lecomte, FJ. Gén. Indo- 
Chine 1:673. 1911. Illus. Swingle, loc. cit. 2:162. 
fig. 1. 

Type.—French Indo-China, southern Tonkin, 
Lang-hé, on Mount Dén (Bon, No. 4047). Herb. Mus. 
Hist. Nat., Paris. 

Distribution.—North Vietnam: known only from 
southern Tonkin, from Mount Dén, Mount Nam-cong, 
Mount Luong-xa, and Mount Thin-chan (all from collec- 
tions made by H. Bon.) 

Common name.—Tonkin atalantia. 

Swingle’s original description, translated, reads as 
follows: “Leaves ovate-lanceolate, apex obtuse, base 
rounded or deltoid with many lateral veins running paral- 
lel [margins entire]; petioles articulated at both ends, not 
winged, not [deeply] channeled; calyx persistent, sepals 
4-5, subtriangular, with sparsely ciliate margins; fruits 
solitary, 2.4-2.8 cm diam., ebace. with 3 or 4 seg- 
ments, segments 2- (or 1- ?) seeded, destitute of pulp- 
vesicles; seeds large, with membranous testa.” [Latin 
diagnosis to here; continuing, in French, the translation 
reads:] “A small tree, 3-4 m high, with spiny, pubescent 
branches. Twigs more or less angular when very young, 
soon becoming rounded and glabrous. [Fruiting twigs] 
spineless. Internodes 1-2 cm long. Leaves large, oval or 
oval-lanceolate, rounded at the tip and base; the small 
leaves lanceolate, more or less pointed at the tip and base; 
leaf blades 55-85 mm long, 25-60 mm wide, always 
clearly distinct from the petiole (which is, moreover, ar- 
ticulated at the point of junction with the leaf blade), 
glabrous, without oil glands except at the margins; lat- 
eral veins numerous, 20-30 [sometimes fewer], parallel 
and almost straight for *4-5 of their length, confluent by 
anastomosis near the margin; petioles 5-9 mm long, flat- 
tened above with the edges slightly elevated, brown in 
dry specimens, with many or few very slender hairs; 
stipules alae paraphylls] short, narrow, 2 mm long, 
0.5 mm wide, veinless. Inflorescences few-flowered, spi- 
cate, 3-4 cm long; axillary or else bearing only isolated 
flowers or a single fruit in the axils of leaves near the tips 
of the young twigs; flowers not seen; fruit pedicels 6-8 
mm long, 1.5-2 mm diam. Calyx persistent, composed of 
4-5 distinct sepals that are more or less triangular, sparsely 
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ciliate on the margins. Fruits solitary, spherical or slightly 
pointed, 2.4-2.8 cm diam. with 1-3 fertile segments; 
seeds 2 in each segment, very large, 12-15 mm long, 8-9 
mm wide, rounded at both ends, more or less angular 
from mutual pressure, with a very thin membranous testa; 


pulp-vesicles absent, skin glandular and rough, but thin.” 
Guillaumin (1911, p. 673) described this plant 
(under the name Atalantia disticha [Blanco] Merrill) as a 
“tree 4 m high, spineless,” but went on to say, “branches 
. with small erect spines,’ and later on, “petioles . . . 
furnished with 2 erect stipules [stipuloid paraphylls], in 
the form of spines reaching 5 mm [in length] or in the 
form of minute linear leaf blades [paraphylls] showing 
a central vein and a few veinlets.” 
This species much resembles A. ceylanica 
(1) in having large fruits filled with very large 
seeds; (2) in the general character of the leaves, 
which have few or no oil glands except along the 
margins; and (3) in having frequently one or more 
paraphylls more or less like stipules at the base of 
the petiole, usually more spinelike than in A. cey- 
lanica. The ripe fruits of A. guillaumini do not 
show pulp-vesicles, or at least Swingle did not 
find any in the type specimen. The ripe fruits 
of A. ceylanica usually show traces of a few pulp- 
vesicles, although almost all of them are crowded 
out by the very large seeds that almost com- 
pletely fill the locules. The still larger seeds of 
A. guillaumini may perhaps obliterate all the 
pulp-vesicles in many of the fruits, or even in 
all of them. The study of young fruits of this 
species should show whether a few pulp-vesicles 
are present or whether they have been completely 
suppressed. If the latter should prove to be true, 
a very interesting and important taxonomic prob- 
lem would be raised, since the possession of pulp- 
vesicles of a special type is an important charac- 
ter of the genus Atalantia. 


Severinia disticha, to which this species 
was assigned by Guillaumin (1911, p. 673), is a 
very different plant, having small fruits with rudi- 
mentary, round, stalkless pulp-vesicles crowded 
into the periphery of each locule. A single seed 
of Atalantia guillaumini is larger than an entire 
fruit of Severinia disticha. Severinia disticha has, 
moreover, the cup-shaped disk enclosing the 
lower part of the ovary, as in other typical species 
of Severinia. 


11. Atalantia hainanensis Merr. & Chun, ex 
Swingle, Jour. Arnold Arbor. 21:20. 1940. Illus. 
Swingle, loc. cit. pl. 4, figs. 3-7. 

Type.—China, Hainan Island, Po-Ting (How, No. 
72807). Herb. Arnold Arbor, Harv. Univ., Cambridge; 
photographs, fragments, and serial microtome sections, S. 
and T. Nos. 261-A, 261-B, 261-C, 12 slides, in Herb. Natl. 
Arbor., Washington, D.C. Cotype: Same locality (How, 
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No. 73976), Herb. Arnold Arbor.; serial microtome sec- 
tions S. and T. Nos. 263-A and 263-B, in Herb. Natl. 
Arbor. 

Distribution. Known also from Yaichow, Hainan 
Island. Not uncommon, usually in forests near streams at 
altitudes of 100-640 m. 

Common name.—Hainan atalantia. 

A small spineless shrub, 1-2 m high; young twigs 
slightly angled but soon becoming cylindrical; leaves sim- 
ple, persistent, thick and coriaceous, elliptical or broadly 
elliptical, slightly acuminate or bluntly pointed at the tip, 
often emarginate, cuneate at the base, narrowing gradu- 
ally into the petiole, very variable in size, usually 6-15 x 
2.5-6 cm, but sometimes as large as 20 X 8 cm including 
the petiole, margins entire or faintly undulate; petiole not 
articulated with the leaf blade, 5-10 mm long, more or 
less pulvinoid, with a channel on the upper side formed 
by the decurrent leaf margins; inflorescences axillary, few- 
branched panicles, short (1-1.5 cm); pedicels slender, 
2-3 X 1 mm; flower buds small, 3-3.5 mm long, 2-2.5 
mm wide; calyx with 5 triangular lobes, thickened, 
roughened with oil glands except at the margins, which 
are thin and ciliate; petals 5, white; stamens 10, filaments 
flattened, connate at the base, free above, anther with 1 
large oil gland in the connective; ovary small, 1.5 x 1 
mm, ovoid, with 2 locules, each with 2 collateral ovules, 
top of ovary with 1 large oil gland above each locule; 
style slender, 1.25 X 0.3-0.4 mm, stigma nearly isodia- 
metric with the style, with 2 pairs of large oil glands; disk 
cupulate, about 0.35 mm deep, glabrous, completely sur- 
rounding the basal % of the ovary; fruits (young) ellip- 
soid, 8-10 X 45 mm, peel green, with numerous oil 
glands, surmounted by the small persistent style, 1 x 0.6- 
0.7 mm; seeds 1 (or more?) to a fruit, large, ellipsoid, 
about 10 x 7 X 5 mm, monoembryonic (?), cotyledons 
with numerous oil glands. 

This curious tue clearly a — distinct 
new species, is hard to place in the absence of 
mature fruits. It has leaves varying greatly in 
size (2.5 to 19.5 by 0.8 to 7.5 cm) which have much 
the same general aspect as those of Severinia 
buxifolia, a species it further resembles in having 
a “oh he disk and a 2-locular ovary with a large 
oil gland over each locule. One specimen not con- 
sidered in the leaf measurements given above 
(How, No. 73818) from Po-Ting, Hainan, in the 
herbarium of the Arnold Arboretum, shows rela- 
tively very small leaves, only 2.5 to 5.5 by 0.7 to 
15 cm, narrowly elliptical, very blunt-pointed 
and retuse at the tip. Young fruits with persistent 
calyces on this specimen were, however, almost 
identical with those of the large-leaved speci- 
mens from the same locality in Hainan. However, 
serial microtome sections made of the immature 
fruits of the cotype (How, No. 73976) show the 
locule walls lined not with a clear-cut inner layer 
of stalkless subglobose pulp-vesicles but rather 
with large and variable-sized oil glands (?), not 
all in a definite layer but with a few of them 
scattered between the much smaller oil glands 
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of the peel and the inner locule wall. Study of 
the fruits of this species at all stages of develop- 
ment may show that these structures have a 
merely superficial resemblance to and no true 
homology with the primitive pulp-vesicles of 
Severinia buxifolia and other typical species of 
Severinia. The typical species of Atalantia have 
sessile, broad-based, conical pulp-vesicles grow- 
ing out from the dorsal locule walls which with 
the seeds fill the locules completely. However, 
A. ceylanica, the type species of the subgenus 
Rissoa, shows in the mature fruit very few pulp- 
vesicles, perhaps because the very large seeds 
almost completely fill the locules. Atalantia hai- 
nanensis, like the anomalous A. guillaumini, of 
which only the very large, subglobose, fully 
mature fruits are known, does not seem to have 
any pulp-vesicles. These two anomalous species 
of Atalantia need critical study at all stages of 
the developing fruits in order to be certain of 
their taxonomic placement. 


GROUP C. THE TRUE CITRUS FRUIT TREES 


This group includes six genera, Fortunella, 
Eremocitrus, Poncirus, Clymenia, Microcitrus, 
and Citrus, all marked by having orange or 
lemon-like fruits with highly specialized, slender- 
stalked, usually more or less fusiform pulp-vesicles 
filling all the space in the segments of the fruit 
not occupied by the seeds, and also by having at 
least four times as many stamens as petals. All 
the genera have persistent unifoliolate or simple 
leaves except the wage veel a genus Poncirus, 
which has trifoliolate, deciduous leaves. Clyme- 
nia differs in having simple leaves borne on short, 
wingless petioles, with numerous, nearly straight 
veins er on the lower surface, somewhat 
resembling the venation of the leaves of Wenzelia 
and Monanthocitrus of the subtribe Triphasiinae. 

All the genera in this group except Cly- 
menia have fusiform pulp-vesicles borne on very 
slender stalks, sometimes short, sometimes long. 
In Clymenia the pulp-vesicles are subglobose or 
pyriform in shape, usually having subglobose 
apices and being narrowed into somewhat con- 
tracted bases; the bases, however, are never re- 
duced to slender stalks of variable length, as they 
are in the pulp-vesicles of the other genera of 
this group. All the genera except Clymenia have 
all, or at least the majority, of the pulp-vesicles 
attached to the dorsal walls of the locules. A few 
species of Citrus (subgenus Papeda) have a few 
or sometimes many pulp-vesicles attached to the 
radial walls, but only on the distal portion of 
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these lateral walls nearest the periphery of the 
fruit. Clymenia differs from all the species of 
the subgenus Citrus of the genus Citrus in that 
many of the pulp-vesicles, probably a large major- 
ity of them, are attached to the radial walls of the 
segments and occur on these walls nearly to the 
center of the fruit (three-fourths to four-fifths of 
the way). Although Clymenia has much simpler 
pulp-vesicles, without specialized apices, the oth- 
er fruit characters are very like those of Citrus, 
to which it is obviously related. 

The structure of the pulp-vesicles is of 
great taxonomic importance in the classification 
of the genera of the subtribe Citrinae. Found 
only in this subtribe, these unique structures 
reach their highest development in group C, the 
True Citrus Fruit Trees. In contrast with group 
B, the Near-Citrus Fruit Trees, in which the 
pulp-vesicles are conical in shape, tapering into 
more or less acute apices and having broad, ses- 
sile bases, the pulp-vesicles of the True Citrus 
Fruit Trees are never conical in outline, but are 
fusiform, being narrowed at the base (except in 
Clymenia) into slender stalks (varying consider- 
ably in length in different pulp-vesicles of the 
same locule) and into a point at the apex. In 
Clymenia the pulp-vesicles are different from 
any others occurring in the True Citrus Fruit 
Trees in being pyriform and in not being slender- 
stalked at the base nor having acute apices. 

The pulp-vesicles of all the genera in- 
cluded in this group, with the possible exception 
of Clymenia (not yet available for study in the 
living condition), contain droplets of oil. These 
oil droplets are very abundant in the pulp-vesicles 
of Poncirus, Microcitrus, and the species of Citrus 
belonging to the subgenus Papeda, but are fewer 
in the pulp-vesicles of Fortunella, Eremocitrus, 
and the species of Citrus belonging to the sub- 
genus Citrus. Similar oil droplets (or even wax 
particles) occur also in the pulp-vesicles of the 
Near-Citrus Fruit Trees, Citropsis and Atalantia. 

Three genera in group C, Clymenia, Ere- 
mocitrus, and Poncirus, are monotypic. Two other 
genera, Fortunella and Microcitrus, have four 
and six species respectively. All five of these 
genera have a limited area of distribution much 
more restricted than that of Citrus, which is the 
dominant genus of the subtribe with the largest 
number of species (sixteen are recognized in this 
chapter). 

The region occupied by the six genera 
comprising the True Citrus Fruit Trees is a long, 
barrel-shaped area about 9,000 kilometers (5,590 
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miles) long and 3,200 kilometers (1,990 miles) 
wide in the center, tapering to about 2,600 kilo- 
meters (1,615 miles) at the ends. This barrel- 
shaped area has its long axis slanting from the 
northwest (northeastern India to north-central 
China) to the southeast (east-central Australia to 
New Caledonia). At its broadest part the area 
extends from Java to the eastern shores of the 
Philippine Islands. If, as some experts believe, 
Citrus is native to southern Japan, there would 
be an extension of the northern corner of this 
area to include Citrus tachibana. Citrus is native 
to the whole of the area except in the southern- 
most corner (northeastern Australia), where it is 
replaced by Microcitrus and Eremocitrus, and 
in the extreme northernmost corner (northern 
China), where it is replaced by Poncirus. Fortu- 
nella occurs in southeastern China, where Citrus 
is probably also native, and Clymenia occurs in 
the Bismarck Archipelago (the extreme eastern- 
most part of the area), where one species of 
Citrus is probably also native. 

The six genera of group C are all obvi- 
ously closely related and all (except the newer, 
little studied genus Clymenia) have been grafted 
on one another and hybridized with one another. 

Fortunella resembles Atalantia (a Near- 
Citrus Fruit Tree of group B) in having 3 to 5- 
(rarely 6- or 7-) locular ovaries with only two 
ovules in each locule, also small fruits and thick, 
stiff leaves, but differs in having highly organ- 
ized, slender-stalked pulp-vesicles. Eremocitrus 
has ovary and fruit characters much like Fortu- 
nella, but it has undergone striking xerophytic 
adaptations that have culminated in the acquisi- 
tion of leaves very diverse in structure from those 
of the other genera of the True Citrus Fruit 
Trees. Poncirus stands alone in group C in hav- 
ing trifoliolate, deciduous leaves and winter buds 
well protected by bud scales. It has pleiomerous 
ovaries with six to eight locules, with many 
ovules in each locule. In these ovarial characters 
it agrees with Microcitrus and Citrus. Poncirus 
undoubtedly represents an ancient offshoot from 
the True Citrus Fruit Trees that pushed north 
into China and in so doing acquired deciduous 
leaves and bud scales and developed great re- 
sistance to winter cold. Clymenia is probably the 
most primitive of all the genera comprising the 
True Citrus Fruit Trees. Although it has fruits 
(said to be sweet and edible) that appear much 
like those of Citrus, it differs widely from Citrus 
in having more primitive pulp-vesicles and in 
having leaves that resemble those of the genera 
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Monanthocitrus and Wenzelia of the subtribe Tri- 
phasiinae, the Minor Citroid Fruit Trees. Micro- 
citrus is a primitive genus related to Citrus; per- 
haps some of its species are very like the ances- 
tral species from which Citrus developed. 

Of the six genera comprising the True 
Citrus Fruit Trees, Fortunella, especially the sub- 
genus Protocitrus, is the most simple and primi- 
tive of the main branch that ends in Citrus. 
Microcitrus represents a higher stage of evolu- 
tion and is stil closer to Citrus. Eremocitrus and 
Poncirus are genera profoundly modified, the one 
to withstand semiarid climates and the other 
winter cold. Clymenia is the Cinderella of the 
group; it shows some affinity with the Papeda 
subgenus of Citrus and even some relationship 
to certain of the Primitive Citrus Fruit Trees, 
namely, Pleiospermium, Limnocitrus, and Bur- 
killanthus, on the basis of which a new theory 
on the origin of the True Citrus Fruit Trees is 
possible (see p. 350; also p. 290). 

Four of the six genera in group C are 
clearly adapted to fit exceptional climatic or soil 
conditions, conditions under which Citrus grows 
poorly or fails completely. Eremocitrus is a pro- 
nounced xerophyte, able to grow in semiarid 
regions in northeastern Australia that are too dry 
to support Citrus. Microcitrus is semi-xerophytic 
and can endure long drouths. Poncirus has be- 
come deciduous and is able to endure very severe 
cold in winter, a condition fatal to Citrus and 
even to Fortunella. It also has developed well- 
protected flower buds that form during the early 
summer and push into bloom from old twigs the 
following spring. Fortunella can withstand long 
spells of warm weather in winter or early spring 
without showing new growth, thereby escaping 
all danger of injury from spring frosts, often very 
injurious to Citrus. These four genera can grow 
where no species of Citrus can thrive; perhaps 
all of them are in fact survivals that escaped 
destructive competition with Citrus by occupying 
territory where the latter genus could not live. 
The other relative of Citrus in this group, Cly- 
menia, is so little known as yet that it is not 
possible to state whether it has any physiological 
or structural adaptations that permit it to sur- 
vive where Citrus would fail. Perhaps, like the 
four other genera of limited geographic range, 
it will on further study show adaptive structures 
and |S hae a peculiarities that will give it 
an advantage over Citrus in the regions where 
it occurs in a wild state. 

There is every indication that Eremocitrus, 
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Microcitrus, Poncirus, and Fortunella, because 
of their ancient and deeply inbred adaptations 
to special climatic and soil conditions, will prove 
important in breeding new types of citrus fruits 
and new rootstocks able to resist disease and able 
to endure unfavorable climatic and soil condi- 
tions that no Citrus species can withstand. It is 
for this reason that every effort has been made 
to present as full an account as possible of these 
close relatives of Citrus, all of which can very 
probably be hybridized with Citrus and also 
with one another. 


XXI. Fortunella Swingle 


XXI. Fortunella Swingle, Jour. Wash. Acad. 
Sci. 5: 167. 1915. 


Type species.—Citrus margarita Lour. = For- 
tunella margarita (Lour.) Swing. 

Distribution.—Southern China, probably now only 
in cultivation. 

Common name.—Kumauat. 


Shrubs or small trees; young branches angular, 
the older ones rounded; spines borne singly at one side 
of the bud in the axils of the leaves, or wanting; leaves 
1-foliolate, rather thick, blunt-pointed or even retuse, 
acute or rounded at the base, veins evident above, scarcely 
showing beneath, lower surface pale green, densely glan- 
dular-dotted; petioles narrowly winged or merely mar- 
qe sometimes not articulated with the leaf blade; 

owers borne singly or in few-flowered clusters in the axils 
of the leaves, hermaphrodite, 5-merous (rarely 3-, 4-, or 
6-merous); flower buds, 8-10 mm long, more or less angu- 
lar in cross section; petals 5 (rarely 4 or 6), white, acute, 
8-12 mm long; stamens 16 or 20, polyadelphous, cohering 
irregularly in bundles; filJaments broad, But tapering at 
the tip; pistil seated on a well-marked cylindrical disk; 
ovary subglobose, with 3-7 locules, with 2 collateral 
ovules in each locule; ovary merging gradually or abruptly 
into the short style, this usually shorter than the ovary, 
sometimes shorter than the stigma; stigma capitate, 
symmetrical, cavernous within because of the large, deep- 
seated oil glands (4-% the djam. of the stigma); fruits 
small, usually 2-4 times as long as the petiole, ovoid or 
globose; peel rather thick, fleshy, aromatic, and sweet 
flavored, containing large immersed oi] glands; segments 
3-7; pulp-vesicles small, fusiform or subglobose, stalked, 
containing an acid juice; seeds ovate in outline, smooth; 
embryo pistache green, germination with hypogeous 
cotyledons; first foliage leaves broadly ovate, subsessile, 
opposite as in Citrus. | 


The genus Fortunella resembles Citrus in 
the general appearance of the stems, twigs, spines, 
leaves, flowers, and fruits and in having the poly- 
adelphous stamens cohering in bundles and nor- 
mally four times as numerous as the petals. It 
differs from Citrus: (1) in having an isomerous or 
hypomerous ovary normally with three to five, 
rarely six or seven, locules (not polymerous with 
8 to 15 or more locules); (2) in having two col- 
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lateral ovules in each locule (not 4 to 12); (3) in 
having a cavernous stigma containing a few 
large, deeply immersed, lysigenous oil glands, 
usually in pairs, oval in cross section, with the 
radial diameter longer, about one-fourth to one- 
fifth the diameter of the stigma (in Citrus the 
homologous oil glands are so much smaller [one- 
tenth to one-fifteenth the diameter of the stigma 
in C. sinensis] that they do not give a cavernous 
character to the stigma); (4) in having the under 
surface of the leaves pale green, nearly veinless, 
and with very numerous, small, deep-green gland- 
ular dots; (5) in having very small fruits with acid 
pulp and a sweet, edible, more or less pulpy skin; 
and (6) in having small, more or less angular 
flower buds. | 

The kumquat bears abundant orange- or 
flame-to-orange-colored fruits of small size, often 
less than an inch in diameter. Fortunella mar- 
garita and F. japonica, widely cultivated in China 
and Japan and in all subtropical regions, have 
fruits with a relatively thick, fleshy, sweet, edible 
peel, with four to seven segments filled with 
mildly acid pulp. A third species, with long, 
slender leaves and long petioles, F. polyandra, 
commonly cultivated in the Malay Peninsula, has 
larger globose fruits with a thin peel. A fourth 
species, F. hindsii, which grows wild in the moun- 
tains of southern China and on the island of 
Hong Kong, has very small globose fruits with 
three to four segments. 

The kumquat orange, though described 
by early Chinese writers on agriculture, remained 
virtually unknown to Europeans until recent 
times. The kumquat is mentioned in many early 
Chinese works and described in some detail by 
Han Yen-chih (1923) in his treatise on the or- 
anges written in 1178. Later works of both Chi- 
nese and Japanese authors treat of it fully, often 
with fairly good illustrations. 

The first vague description of the kumquat 
orange in European literature was published by 
Ferrari in 1646 in his Hesperides and was based 
on reports made to him by Alvaro Semedo, a 
Portuguese Jesuit who lived for twenty-two years 
in China. Ferrari’s successors, Sterbeeck, Volcka- 
mer, Risso and Poiteau, and other authors of 
monumental illustrated works on citrus fruits, 
have added nothing to our knowledge of the 
kumquat. 

Full descriptions of the round and oval 
kumquats were published by Hume (1903, 1909), 
but not until 1912 was there a good account of 
these plants published in Europe, when Trabut 
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(1912) described them and distinguished them 
from the so-called “chinosis” or “chinotto” (Citrus 
aurantium var. myrtifolia), with which they had 
been confused by Volckamer (1708) and many 
subsequent European writers. Two years later, 
Trabut (1914) published in Algeria a fuller illus- 
trated account of these plants and gave an ex- 
planation of the failure of the kumquat to become 
known and be propagated in continental Europe, 
namely, that seedlings do not thrive and, further- 
more, that viable seed is hard to secure; more- 
over, he stated that the kumquat, when grafted 
on sour or Seville oranges (the stock generally 
used), did not succeed at all. 

One of the kumquats, F. polyandra, is 
native to tropical regions; the other three grow 
in cool subtropical or even warm temperate re- 
gions. The type species of Fortunella, F. marga- 
rita, and the closely related F. japonica not only 
are résistant to cold when in a dormant condition 
but also exhibit the highest degree of winter 
dormancy of any of the True Citrus Fruit Trees. 
These two species of kumquats can endure fairly 
warm weather in winter or early spring lasting 
for many days or even for some weeks without 
starting new growth (Swingle, 1910, 1913e; 
Swingle and Robinson, 1923, p. 229.) 

Fortunella approaches Atalantia, and dif- 
fers strikingly from Citrus, in having only two 
collateral ovules near the top of each locule 
(Citrus has 4 to 12 ovules). However, Fortunella 
differs from Atalantia in having four times as 
many stamens as petals (instead of twice as many) 
and agrees with Citrus in having similar twig, 
leaf, spine, flower, and fruit characters. The 
leaves, however, show very many more oil glands 
on the underside than are present in any species 
of Citrus, often ten times as many. In many super- 
ficial fruit characters Fortunella agrees with the 
Australian desert lime, Eremocitrus glauca. The 
seeds are very different, however, and the stem, 
twig, leaf, and flower characters are so strikingly 
different that it is not possible to regard these 
genera as being very closely related. 


THE SPECIES AND HYBRID PROBLEM 
IN FORTUNELLA 


The species of Fortunella, in spite of their 
small number, have been very inadequately 
studied, largely because, until recently, only one 
species was cultivated in either Europe or the 
United States and the others were represented 
only by scanty herbarium material in a few of 
the largest herbaria. 
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The discovery that a small-fruited plant, 
obviously a kumquat, was masquerading under 
the name Atalantia hindsii led Swingle to a study 
of the group, with the result that in 1915 he 
proposed a new genus, Fortunella, to include all 
the species of kumquats that had hitherto been 
placed in Citrus or Atalantia. Important charac- 
ters were brought to light that separated Fortu- 
nella sharply from both Citrus and Atalantia. 
Further studies have disclosed the fact that a 
number of varieties of kumquats found in culti- 
vation in China and Japan are merely hybrids 
due to chance cross-pollinations by insects in 
village or dooryard groves. The Meiwa variety 
(called Chintan in China), at first considered by 
Swingle to be a good species (Fortunella crassi- 
folia), and the Changshou kumquat, named as a 
species (F. obovata) by Tanaka, are both doubt- 
less mere garden hybrids not entitled to rank as 
species. This decision helps greatly in clarifying 
the taxonomic status of the genus. 

There are also intergeneric hybrids result- 
ing from cross-pollinations between F ortunella 
and Citrus found in cultivation in China and 
neighboring countries. One such hybrid, the 
Calamondin, has been erroneously named as a 
species of Citrus (it was called C. microcarpa 
by Bunge and C. mitis by Blanco). However, the 
whole complex intergeneric hybrid problem of 
Fortunella has been materially clarified by the 
making of many accurately safeguarded cross- 
pollinations of Fortunella with Citrus, Poncirus, 
Microcitrus, and Eremocitrus. This work, con- 
ducted under Swingle’s direction in the Agricul- 
tural Research Service, led to the creation of 
a bewildering group of strange hybrids that 
would have been very disturbing to the taxon- 
omist if their origin were not definitely known. 
They are discussed below under Fortunella hy- 
brids (pp. 335-39). 

Several species of Fortunella have devel- 
oped a degree of resistance to winter cold and 
at the same time an even more important physio- 


logical peculiarity, namely, a very pronounced 
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winter dormancy that permits them to pass 
through weeks of warm weather without start- 
ing growth or flowering. This quality, possessed 
in much higher degree by the kumquats than 
by any other citrus fruit tree (not excluding the 
winter-hardy Poncirus), makes them of prime 
importance in the breeding of new types of 
hardy citrus fruit trees (especially for producing 
acid citrus fruits) able to grow in much colder 
regions than the lemon or lime (both notoriously 
deficient in winter dormancy and hence easily 
pushed into growth by a few days of untimely 
warm weather in winter or early spring). 

Fortunella hybrids will in all probability 
be produced in large numbers in the future. Their 
study is likely to prove of great importance in 
bringing about a just appreciation of the hybrid 
problem in the taxonomy as well as in the breed- 
ing of citrus fruit trees. Since Fortunella, with its 
few species and its already well-understood in- 
tergeneric hybrids, constitutes a veritable micro- 
cosm of the citrus world, it will doubtless prove 
of great help in understanding the much more 
complex and still only imperfectly studied species 
and hybrid problems in the genus Citrus itself. 
A key to the subgenera and species of Fortunella 
is presented below. 


Subgenus Fortunella 


Subgenus Eufortunella Swing. in Webber 
& Batchelor, Citrus Indus. 1:346. 1943. 

Ovary with 4-7 locules; fruits more than 1.5 cm 
diam., with many pulp-vesicles. 

1. Fortunella margarita (Lour.) Swing. 
Jour. Wash. Acad. Sci. 5:170. 1915. Citrus mar- 
garita Lour. Fl. Cochinch. 2:467. 1790; C. auran- 
tium [var.] olivaeformis Risso ex Loisel.-Deslong. 
Nouv. Duhamel 7:95. 1816; C. aurantium var. 
japonica Hook. f. Curt. Bot. Mag. 3 ser. 30: pl. 
6128. 1874; C. aurantium subsp. japonica var. 
globifera subvar. margarita Engl. Die Nat. Pflan- 
zenfam. 3(4):199. 1896. Illus. Hooker f. loc. cit. 
pl. 6128 (col.); Siebold & Zuccarini, F1. Japon. 1:35, 
pl. 15, fig. 3. 1835; W. G. Smith, Gard. Chron. 


KEY TO THE SUBGENERA AND SPECIES OF FORTUNELLA 


A Fruits large (1.8-3.5 x 1.8-2.5 cm), with 4-6 or 7 segments, dull orange-colored when ripe. (Subgenus Fortunella.) B 
B Leaves 10-15 cm long, lanceolate, emarginate at the tip; fruits globose, 1.8-2.5 cm diam., with 5 segments. 


3) F. a: 


BB Leaves shorter (5-10 cm long), blunt or subacute at the tips. ..............0. cc ccceccceseeeeee esses eesceseeceesneaeeeseeessnsenseeeaeaes 
C Fruits globose, 2-2.5 cm diam., with 4-6 or 7 segments; style caducous; leaves short (up to 7 cm say 
2) F 
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. japonica 


CC Fruits ovoid or oblong, 2.5-3.3 x 2-2.5 cm, w ‘ith 4 or 5 se gments; style persistent; leaves longer (up to 10 


cm long), pointed at tip... eee eeeeeeeeeeeeees 


cha apres lasers NES Geta a Ee uh ge ee 1) F. margarita 


AA Fruits small (1-1.5 cm diam.), with 34 segments, brilliant scarlet-orange when fully ripe. (Subgenus Protocitrus.) 
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2 ser. 2:337, fig. 72. 1874; same figure, ibid. 3 ser. 
7:393, fig. 58. 1890; also same figure, redrawn in 
Gartenflora 31: pl. 1097 (col.). 1882; Swingle, loc. 
cit. 5:171, fig. 2; idem, in Bailey, Stand. Cycl. 
Hort. 2:1269, fig. 1563 (1); 1270, fig. 1564 (1). 
1915; Hume, Cult. Citrus Fruits 118, fig. 76. 1926. 

Type.—Canton, China, cultivated (coll. by Loure- 
iro, but lost). 

Distribution.—Known only in cultivation; doubt- 
less native in southeastern China. 

Common name.—Oval kumquat. 

Loureiro’s original description (translated from 
the Latin) reads as follows: “Differs from the species of 
Citrus in its ascending, spiny branches, its linear petioles, 
its 5-locular, oblong fruits. 

“Habitat and notes: A tree 4 ft. [1.22 m] high, 
branches spiny, ascendant; leaves lanceolate, entire, shin- 
ing, few; petioles linear; flowers white with 5 petals, frag- 
rant; peduncles sparse, few-flowered; fruit oblong-ovate, 
yellowish-red, A ee 8 lines [16 mm] long; 5-locular; 
peel thin, pulp vesicular, sweet, edible. 

“Habitat: Canton, China, not rare. Not seen by 
me in Cochin China.” 

Hume (1926) gave the following description: 
“Tree dwarf, eight to twelve feet, bushy; young branches 
somewhat angled, light green; leaves 14-34 xX %-1K 
inches [3-8.8 x 1-3 cm], lanceolate, apex obtuse; base 
acute or obtuse; margins crenate down about half-way 
from the apex; veins inconspicuous, surface dark green, 
glossy; lower lighter; borne on rather stout, usually very 
slightly margined, petioles, % to % inch [6-16 mm] in 
length. Fruit small, obovate or oblong, 14-14 x %-1%6 
inches [3-4.4 X 1.8-2.5 cm], golden yellow; stem short; 
calyx small; rind smooth, aromatic, spicy; oil glands large; 
juice acid, sparse; sections usually five; seeds 2 to 5, oval 
% inch [13 mm] long, greenish; cotyledons two, green; 
season October-January. 

The oval kumquat differs from the round 
kumquat chiefly in the following respects: (1) the 
leaves are larger, more acute at the base, less 
pallid, and more veiny below; (2) the ovary has 
usually four or five (not four to seven) locules; 
(3) the fruit is oval, not globose; (4) the style is 
persistent, not caducous; (5) the seeds are larger 
and especially longer, with a rougher testa. It 
differs also in being distinctly more vigorous and 
attaining a greater height (3 to 4 m); in the some- 
what brighter orange color of its fruits; and espe- 
cially in the harsher, more biting flavor of the 
peel, which evidently contains an ethereal oil 
more like that of the common orange than is 
that of the round kumquat. 

The type specimen of Citrus margarita 
seems to have been lost, but Loureiro’s descrip- 
tion is very good and can apply only to an oval 
kumquat very similar to the one commonly culti- 
vated in all the warmer parts of the world. 

Robert Fortune, the celebrated explorer of 
the tea regions of China, brought back plants 
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of the oval kumquat from China and delivered 
them to the Royal Horticultural Society’s Garden 
in London on May 6, 1846. He stated (1848) that 
he had found numerous groves of kumquats 
oe to perfection, along with tea, on the 
lower hills of Chusan Island (off the coast of 
Chekiang Province, near latitude 30°) where the 
climate is far too cold to permit the culture of 
ordinary sweet oranges or mandarins. He added: 
“this shows, therefore, that the Kum-quat is of 
a much hardier nature than any of the plants 
belonging to the orange tribe with hich we 
are acquainted in gardens.” 

In a later publication Fortune (1870, p. 
50) asserted that the kumquat needs a hot sum- 
mer, 80° to 100° F and “will bear without injury 
10° to 15° of frost, and perhaps even a lower 
temperature.” 

The oval kumquat reached the United 
States by 1850 (see Hume, 1926, p. 114), but the 
round kumquat was not known in either Euro 
or the United States until near the end of the 
nineteenth century. | 

2. Fortunella japonica (Thunb.) Swing. 
Jour. Wash. Acad. Sci. 5:171. 1915. Citrus japon- 
ica Thunb. Nov. Act. Soc. Sci. Upsal. 3:199. 
1780; also Fl. Japon. 292. 1784; C. madurensis 
Lour. 1790; C. inermis Roxb. 1832; C. aurantium 
subsp. japonica var. globifera Engl. Die Nat. 
Pflanzenfam. 3(4):199. 1896. Illus. Thunberg, 
Icon. Pl. Japon. 2: pl. 5. 1800; Siebold & Zucca- 
rini, Fl. Japon. 1: pl. 15. 1835; Fortune, Jour. Roy. 
Hort. Soc. London 3:240. 1848; Swingle, loc. cit. 
5:168, fig. 1; p. 171, fig. 3; idem, in Bailey, Stand. 
Cycl. Hort. 2:1269, fig. 1563 (2); 1270, fig. 1564 
(2). 1915; Hume, Cult. Citrus Fruits 116, fig. 74. 
1926. 

Type.—Japan (in culture) (Thunberg). Herb. 
Thunberg, Bot. Mus. Uppsala. 

Distribution.—Known only in culture, doubtless 
native in southern China. 

Common name.—Round kumquat. 

The first fairly complete description of this spe- 
cies, under the name Citrus japonica, was published in 
1784 by Thunberg in his Flora japonica; it reads in trans- 
lation, as follows: “petiole winged, leaves acute, shrubby 
stem. Japanese: Kin Kan, vulgo Fime tats banna, Kaempf., 
Am. ex., Fase. V. p. 801. Growing here and there, often 
cultivated for its little fruits. Stem shrubby, compressed- 
subangulate, erect, glabrous, scarcely a foot high. 
Branches and branchlets alternate, compressed-angular, 
spinose, glabrous, erect, green. Spines solitary, in the axils 
of the leaves, erect divergent. Leaves few, with winged 
petioles, ovate, somewhat acute, entire, somewhat con- 
cave, glabrous, dark green above, paler below, erect, 
spreading, 1 in. [2.5 cm] long, with very minute glands 
(‘poris’). Petioles winged. 1 line [2 mm] long. Flowers 


332 


axillary, often solitary, rarely paired, pediculate, nodding. 
Pedicels glabrous, hanging down, 1 line [2 mm] long. 
Perianth, 1-phyllous, green, glabrous, minute, 5-toothed. 
Petals 5, white, oblong, somewhat concave, a hee 
somewhat claw-like. Filaments 19, subulate, compressed, 
erect, in 5 more or less coherent bundles, connate, forming 
a cylinder, shorter than the corolla, nearly equal in length, 
white. Anthers oblong, small, yellow. Ovary superior, sub- 
globose, glabrous. Style cmon ky cylindrical, slightly 
shorter than the stamens, greenish white. Stigma simple, 
area yellow, striate, many-locular within. Fruit with 
eshy peel, vesicular pulp, 9-locular [sic], the size of a 
cherry. Differs from the other species of Citrus especially 
in being a very small shrub with minute fruits; thus it can 
scarcely be considered as a variety of orange. It resem- 
bles Citrus medica in the flowers, but differs in 
the winged petioles; it differs from the orange in the axil- 
lary flowers, which are solitary or paired, never in 
panicles. Fruit ripens in December and January, is very 
sweet, agreeable and edible.” 

This description was evidently drawn from 
a very small plant, perhaps an artificially dwarfed 
one, such as are commonly grown in Japan. The 
very small leaves with axillary spines, and the 
fruits “the size of a cherry” strongly indicate that 
Thunberg was describing the round kumquat and 
not the oval kumquat (F. margarita). His plate of 
this plant published in 1800 shows a flowering 
twig with small leaves and well-developed axil- 
lary spines. 

Hume (1903 and 1926) described this spe- 
cies as follows: 

“Tree similar to Nagami [F. margarita), except 
that it is slightly thorny, and has the leaves somewhat 
smaller and rounder at the apex. Leaves oval; apex ob- 
tuse; margin crenate halfway down the length; veins 
slightly more conspicuous than in Nagami; borne on short 
rigid, inconspicuously winged petioles, % to % in. [6-13 
mm] in length. Fruit spherical or somewhat oblate, 1 to 
1% inches [2.5-3 cm] in diameter; golden yellow, short 
stalked; calyx small; rind smooth, thin, spicy to the taste 
and aromatic when bruised; oil cells large; pulp sparse; 
juice acid; sections four to seven; seeds one to three, 
small, oval, greenish; cotyledons two, greenish. Season 
same as Nagami.” 


SPECIES OF DOUBTFUL VALIDITY 


7 3. Fortunella polyandra (Ridl.) Tan. Stu- 
dia Citrol. 6:33. 1933. Atalantia polyandra Rid]. 
Fl, Malay Penin. 1:359. 1922; Fortunella swinglei 
Tan. Bul. Soc. Bot. France 75:714. 1928; Citrus 
polyandra (Ridl.) Burkill, Gard. Bul. Straits Settl. 
5:219. 1931; C. swinglei Burkill ex Harms, in 
Engler, Die Nat. Pflanzenfam. 19a:459. 1931. 

Type.—Malay Peninsula (Ridley). Herb. Bot. 
Gard., Singapore. 

Distribution—Malay Peninsula; Southern China: 
Hainan Island. 

Common name.—Malayan kumquat. 

Ridley described this species as follows, under 
the name Atalantia polyandra: “Unarmed glabrous bush, 
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branchlets smooth with a ridge decurrent from the petiole; 
leaves thinly coriaceous, unifoliolate; leaflets lanceolate, 
bluntly acuminate, base narrowed; main nerves slender, 
about 10 pairs; intermediate nerves nearly as thick, nu- 
merous, irregular, all inarching; [leaflet] 4-6” [10-15 cm] 
long 1.25-2.75” [3.2-7 cm] wide; petioles 0.25 to 0.75” 
[6-19 mm] long, winged above; flowers few, usually 2 in 
an axil, pedicels 0.25” [6 mm] long; calyx lobes 5, ovate- 
acute, short; petals 5, linear-oblong, blunt, 0.5” [11 mm] 
long; stamens 24, connate, in a tube, some shorter than 
the others, tube nearly 0.5” [11 mm] long, cylindric; an- 
thers small-ovoid; disc fleshy, cushion-shaped, forming a 
gynophore; ovary on the disc, oblong, glandular, 5-celled; 
style short, stout; stigma oblong, clubbed, 5-ribbed; fruit 
globose with numerous large glands 1.75” [4.5 cm] 
through (not ripe).” 

In his description of Fortunella swinglei, based on 
a specimen from the Malay Peninsula, Tanaka stated: 
“fruits small, globose, 1.5 cm diam., with 5 locules; peel 
thin, smooth, minutely punctate; seeds ovoid, 10 x 15 
mm, flattened, apex rounded, base very acute.” 

A kumquat collected in May, 1922, by F. A. Mc- 
Clure (No. C.C.C. 9449) along a woodcutters’ path in 
dense forest on the south slope of Five Finger Mountain, 
now in the National Arboretum Herbarium at Washington 
(C.P. Or. Herb. No. 7714), was identified by Tanaka (slip 
SW-316) as Fortunella swinglei. The leaves are slender, 
lanceolate, acuminate, with the very tip emarginate; the 
petioles are slender, 12-14 mm long, and very narrowly 
winged above. Fruits are not known. It looks like the 
wild form from which the Malayan kumquat has been 
developed by culture or by hybridization. 

This species is as yet inadequately known. 
The cultivated form common in the Malay Penin- 
sula, where it is called limau pagar, or “hedge 
lime,” has much larger fruits than any other 
species of Fortunella, and likewise a thinner peel. 
It may possibly prove to be a limequat, ie, a 
hybrid of a Fortunella and some variety of Citrus 
aurantifolia, but, if so, it is abnormal in having 
only five locules in the ovary and only two ovules 
in each locule. It also has an abnormally high 
number of stamens, which may indicate hybridity. 


Subgenus Protocitrus 


Subgenus Protocitrus Swing. Jour. Wash. 
Acad. Sci. 5:174. 1915. 

This subgenus differs from the subgenus 
Fortunella: (1) in having the ovary hypomerous 
(3- or 4-loculed, not 4- to 7-loculed); (2) in hav- 
ing in mature fruits on the inside of the ovary 
wall between the stalks of the pulp-vesicles a 
number of minute, wart-like, pale yellow, cellular 
masses; (3) in having the dissepiments of the 
fruit dry, and the peel thin and not very fleshy; 
(4) in having shorter, broader, more brachytic 
flowers; (5) in having leaves with the veins 
more prominent on both faces, and less pallid 
below. 
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The two most important characters dis- 
tinguishing the subgenus Protocitrus from the 
subgenus Fortunella are the few-loculed ovary 
and the dimorphic emergenzen arising from the 
ovary wall of the fruit, viz., ordinary pulp- 
vesicles and verruciform tufts of loosely aggre- 
gated, more or less colored cells. These curious 
organs are analogous to the short-stalked, clavate 
slime glands found in Citrus, but are much more 
easily seen as they are not intermingled with the 
developing pulp-vesicles (see p. 358); they also 
persist longer, being visible in half-grown fruits. 


4, Fortunella hindsii (Champ.) Swing. Jour. 
Wash. Acad. Sci. 5:175. 1915. Sclerostylis hindsii 
Champ. ex Benth. Hook. Jour. Bot. 3:328. 1851; 
Atalantia hindsii (Champ.) Oliv. ex Benth. 1861. 
Illus. fig. 3-32. 

Type—Hong Kong (Hinds, no number, coll. 
1841). Herb. Kew. 


Distribution—Hong Kong; China: Kwangtung 
and Chekiang provinces. 


Common name.—Hongkong wild kumquat. 

A spiny shrub or small tree; twigs slender, angled 
when young; leaves oval-elliptical, tapering sharply at 
both ends, dark green above and faintly venose, paler and 
not venose below; petioles winged, often ereryine into 
the lamina of the leaf without a separative joint; flowers 
short, broad, not opening very widely; pistil very short; 
style shorter than the ovary; stigma large, cavernous; 
ovary with 3 or 4 locules; ovules 2 in a locule; fruits 
small, 1-1.5 cm diam., subglobose, bright orange or scar- 
let-orange when ripe (the color of a tangerine orange); 
pulp-vesicles very few, small, fusiform; seeds thick, oval 
or ovate in outline, plump, 9-11 x 7-8 X 5-6 mm, 
pistache green in section. 

The Hongkong wild kumquat, Fortunella 
hindsii, differs from the round kumquat (F. japon- 
ica) and the oval kumquat (F. margarita) in a 
number of morphological characters, some of 
them being of decided taxonomic significance in 
this group. Longley (1925, p. 347) found the pol- 
len mother cells of this species to contain eighteen 
instead of nine chromosomes as in all other wild- 
growing species of the orange subfamily. This 
plant is in the tetraploid state, very probably in 
an autotetraploid state. 

Frost (1926, pp. 380-81) found that tetra- 
ploid forms of the commonly cultivated species 
of Citrus (sweet orange, tangerine and mandarin, 
gape and lemon) show “unfavorable tree and 

ruit characters,” such as thickened leaves, lower 
vigor, slowness to bloom, coarser rind, and low- 
ered acid content in the fruits. 

Although F. hindsii has long been known 
to the Chinese and is not uncommonly cultivated 


in both China and Japan, it was not discovered 
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by Europeans until about a century ago. At first 
it was not recognized by taxonomic botanists as 
being closely related to the other species of kum- 
quats (then placed in Citrus) but was considered 
to be a species of Atalantia (probably because of 
the small size of the fruit), in spite of the fact 
that the stamens are four times as numerous as 
the petals, whereas in Atalantia the stamens are 
only twice as numerous as the petals. 

The earliest known Chinese reference to 
Fortunella hindsii is found in the first monograph 
on citrus fruits ever published in any country, the 
famous Chii lu (Orange Monograph) of Han Yen- 
chih (1923), first published in 1178. In the transla- 
tion made by Hagerty, the paragraph about wild 
kumquats reads as follows: “Chin chii [golden 
chii orange]. The chin chii grows along the sides 
of mountain paths; compared with the chin kan 
[golden mandarin, the ordinary round ir ee 
this fruit is very much smaller, but is similar in 
color and form . .. We sometimes find the tree 


Fig. 3-32. Fortunella hindsii. Fruiting branch from wild 
form showing thorns. (Photo by W. P. Bitters. ) 
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bearing enough to fill several pint measures. The 
pulp segments of the chin chii cannot be divided. 
It has but one seed but the taste of its pulp is 
such that it cannot be eaten. The chin chii trees 
are only suitable to be placed in pots on balcony 
railings. Many gardeners cultivate and sell them 
for this purpose.” 

Han Yen-chih then went on to say that this 
little tree is also called shan chin kan (mountain 
golden mandarin), meaning wild kumquat, and 
quoted a song about it written by Chou Mei- 
ch’éng, a poet of the Sung dynasty, who must 
have written before a.p. 1178, the year Han Yen- 
chih’s work was published. A few centuries later, 
in the Ming dynasty (1368-1644 a.p.), we find 
Chinese authors using the name chin tou (golden 


Fig. 3-33. Fortunella hindsii var. chintou, cultivated in 
China and Japan. 
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bean) for this species. This name is found in Min 
shu (Records of Fukien), compiled by Ho Chiao- 
yiian, who lived toward the end of the fifteenth 
century. In describing the kinds of kumquats, he 


wrote: “there is also the chin tou .. . growing in 
the mountain forests; when preserved in honey 
they are very good.” 


Tu Pén-tsun (16007), an author of the 
Ming dynasty, in an essay, Ping shih ytieh chih 
(Calendar of Garden Flowers), named clearly 
three kinds of kumquats: “the three little friends, 
the chin tou [or golden bean, Fortunella hindsii], 
the chin kan [or golden mandarin, F. japonica] 
and the chin chii [or golden orange, probably F. 
margarita].” Swingle (1922 and 1929a) pointed 
out that this was apparently the first definite 
recognition of the fact that these are different 
kinds of kumquats, now considered to be three 
distinct species. 

4a. Fortunella hindsii var. chintou Swing. 
Jour. Arnold Arbor. 21:130. 1940. Illus. fig. 3-33. 

Type.—Plant introduced Sane be ee and grown 
in the U.S. Plant Introduction Greenhouse near Glen 
Dale, Maryland (C.P.B. 907, F.P.I. No. 71241). Herb. 
Natl. Arbor., Washington, D.C. 

Distribution.—Cultivated in the warmer regions 
of China and Japan as an ornamental plant. Doubtless na- 
tive, or originated under culture in southeastern China. 

Common name. Golden-bean kumquat. 

Differs from the parent species, F. hindsii, in 
having larger, thinner, somewhat narrower leaves, 3.5-8 
1.5-2.5 cm, shorter, more slender spines, and _ larger, 
slightly depressed, globose fruits, 12-15 mm in diam., 
and in having the normal diploid number of chromo- 
somes (9 in the gametes and 18 in the somatic cells) in- 
stead of twice as many (18 and 36), as the parent a 58 
has. It has also distinctly smaller flowers with petals x 
2.5-4 mm instead of 6-7 x 4-5 mm, as in the tetraploid 
species growing alongside; blunter, much shorter cal 
lobes (0.5-0.6 mm long instead of 0.8-1.2 mm, as in the 

ies) and a somewhat narrower and evidently shorter 
disk than in the parent species. 

This striking dwarf kumquat is probably a 
cultivated variety derived from the wild species. 
It is unique among the Citrus Fruit Trees in 
being the diploid state of a normally tetraploid 
wild species. As is remarked under Citrus (see p. 
361), autotetraploid cytonomic states of the com- 
monly cultivated species of Citrus have been 
found by Frost (1925, 1926, 19382, 1938b) to occur 
not uncommonly in California among seedlings of 
the sweet orange, tangerine, mandarin, grapefruit, 
and lemon. Such autotetraploid seedlings usually 
show many or all of the following characteristics, 
as compared with the parent species: a tendency 
to slower growth, later bearing, and being less 
floriferous and less fruitful; also thicker and 
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broader leaves and winged petioles, more thorny 
twigs, shorter fruits having thicker rind with 
larger oil glands, less juice, and larger, especially 
longer seeds. 

Swingle was able to observe minutely this 
cultivated diploid variety during a trip to Japan 
and China in 1926 and to bring back living plants 


with him to this country. This cultivated form, 


called by the Chinese Chin-tou (pronounced 
kindzu in Japan), meaning “golden bean,” has 
just such characters as would be expected in a 
diploid reversion from an erase Hen species. 
It may, however, prove to be a cultivated form 
of a species which still persists as a diploid plant. 


THE THREE CLASSES OF FORTUNELLA 
HYBRIDS 


The hybrids of Fortunella are many and 
are both intrageneric (inside the genus) and inter- 
generic (between Fortunella and other genera). 
The hybrid question comes up at every turn in 
classifying cultivated citrus fruit trees and is the 
chief hindrance to a phylogenetic taxonomy of 
the species of Citrus and Fortunella. It can be 
given a simpler and at the same time a more com- 
prehensive treatment in a discussion of Fortunella 
than of Citrus, for the latter has many more Pe 
cies and many more hybrids that are often less 
easily recognized. 

There are at least three distinct classes of 
Fortunella hybrids. (1) intrageneric hybrids be- 
tween species of Fortunella; (2) bigeneric hybrids 
between species of Fortunella and species of 
Citrus, Poncirus, Microcitrus, or Eremocitrus; and 
(3) trigeneric hybrids. 


INTRAGENERIC HYBRIDS 


Two cultivated varieties of kumquats, the 
Meiwa (or Chintan) kumquat of China and Japan, 
widely distributed, and the Changshou pe a 
ity) kumquat growing in Chekiang and Fukien 
provinces of China, are probably to be classed 
as hybrids between two species of Fortunella. 


Meiwa kumquat. 


According to Tanaka (1922, p. 248), the 
Meiwa kumquat was so named in Japan because 
it was introduced from China during the reign of 
the Japanese emperor Meiwa (1764-1771). It is 
usually called Chintan (golden bullet) in China 
and is widely grown in Chekiang Province (Hu, 
1934, pp. 22-23). 

The Meiwa kumquat is figured and described in 
Swingle (1915c, pp. 172-74, fig. 4) and in Hume (1926, 
p. 117, fig. 117). Me fruits are broadly oval or sometimes 
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subglobose, 25-35 X 25-28 mm, ordinarily with 7 seg- 
ments, and usually some of them seedless. The peel is very 
thick, nearly twice as thick as that of either the round or 
the oval kumquat, and is very sweet and good flavored. 
The leaves are also thicker than those of the common 
round or oval kumquats and have 4-5 or even more layers 
of palisade cells on the upper surface instead of 2 or 3 
layers. 


The nearly thornless twigs, the often nearly 
seedless fruits and the increased thickness of the 
peel, the irregularly thickened segment walls, and 
the thickened leaves with more layers of palisade 
cells are in a way an intensification of kumquat 
characters that may have resulted from a chance 
hybridization of the round and the oval kumquat, 
or a back-cross with a Fortunella of a Citrus- 
Fortunella hybrid. The broadly oval shape of the 
fruits of the Meiwa kumquat is about midway 
between the oblong fruits of Fortunella margarita 
and the globose fruits of F. japonica. 

Swingle named this variety as a new spe- 
cies, Fortunella crassifolia (1915c, p. 172), ‘tat 
suggested that it might be of hybrid origin. He 
later considered it to be a garden hybrid not en- 
titled to rank as a species. 


Changshou kumquat. 


The Changshou (longevity) kumquat is a 
dwarf variety commonly grown as a potted plant 
in China, in the provinces of Wenchow, Fuchow, 
Chekiang, and Fukien. A condensation of Hu’s 
description (1934, p. 24) follows. 

Fruits obovate with the tip concave, about 3 cm 
long and 3 cm wide, with 8 segments. The peel is very 
thin (1.5 mm) and has the same flavor and odor as that 
of the round kumquat, F. japonica. The seeds are few 
(rarely more than 2 or 3) and polyembryonic. This va- 
riety was fully described by Tanaka (1932c, pp. 151-52, 
in Japanese; and 1933a, pp. 38-40, in English). He re- 
ged the plant as thornless, the fruits as “about 3 cm 

road, and slightly over 3 cm in height, obovoid, some- 
times nearly globose, but broadest at the apical part; apex 
abruptly and rather deeply concave .. .” The peel is said 
to be 2.5-3 mm thick, soft, sweet and edible; segments 
5-6; the pulp, “juicy, subacid, refreshing.” Seeds some- 
times absent but often rather abundant if present, poly- 
embryonic with more embryos than those of the Meiwa 
kumquat. 

The dwarf habit, absence of spines, the 
frequent seedlessness of the fruits, the concavity 
at the apex, and the large number of embryos 
in the seeds, all point to this as being a chance 
hybrid between two species of Fortunella. It was 
named as a species, F. obovata, by Tanaka (1933a, 
p: 38), but specific names for forms suspected of 

eing garden hybrids or mutations are of doubtful 
taxonomic validity and should not be accepted if 
proof is lacking that the plants are not mere 
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garden hybrids, propagated only by man’s help. 

It is probable that other kumquat hybrids 
exist in China, since differences in the articulation 
of the petioles with the leaf blades are observable 
in hecbarliin specimens of Fortunella collected 
in China. 

BIGENERIC HYBRIDS OF FORTUNELLA 
WITH CITRUS AND PONCIRUS 


The citrus experts of the Agricultural Re- 
search Service, using adequate precautions to 
exclude all stray pollen, have made a number 
of bigeneric hybrids of Fortunella. Apparently, 
some such hybrids have arisen without human 
help in the dooryard or village groves of mixed 
genera, species, and varieties of citrus fruit trees. 
It is probable that some of these chance seedlings 
found in the Far East are second-generation 
kumquat-citrus hybrids or else backcrosses of an 
F, Fortunella < Citrus hybrid on one of the 
parental species. 

Limequats [Citrus aurantifolia < Fortu- 
nella sp.]. 

These hybrids have been described by 
Swingle (1914-1917, vol. 4, p. 1882, fig. 2176); 
by Swingle and Robinson (1923, pp. 235-38, pls. 
4,5); by Hume (1926, pp. 134-35, fig. 88); and by 
Hodgson (see chap. 4, p. 579). 

Most of the named varieties of limequats, 
Eustis, Lakeland, etc., are hybrids of Fortunella 
japonica with Citrus aurantifolia ‘Mexican, the 
round kumquat being the pollen parent. Another 
named variety of limequat, the Tavares, has the 
oval kumquat as the ssitlen arent (Citrus auranti- 
folia ‘Mexican’ x Povimalia margarita). 

Orangequats [Citrus reticulata c. satsuma 
xX (Fortunella japonica X F. margarita ‘Meiwa’)]. 

The orangequat is a complex, artificial, 
safeguarded hybrid between the satsuma orange 
and the Meiwa kumquat (the latter, the pollen 
parent, is here considered a hybrid of the round 
and the oval kumquat). A named variety of this 
hybrid, the Nippon orangequat, was described 
in Robinson and Savage (1934, p. 11). The fruit is 
broadly oval or obovate in shape, 3.8 to 5.0 cm 
in diameter by 5 to 6.3 cm in length, with thick, 
spongy peel of mild flavor and with acid pulp. 

Citrumquats [Poncirus trifoliata  Fortu- 
nella japonica]. 

The citrumquat proved an exceedingly dif- 
ficult hybrid to make. For several years no viable 
seeds were obtained. When at last a few were 
secured, the young seedlings all died promptly. 
Finally, in 1909, Swingle found a few belated 
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“June blooms” on a Poncirus trifoliata tree, nearly 
all of which set fruit when pollinated with pol- 
len from Fortunella japonica. From these cross- 
pollinated trifoliate oranges nearly a hundred 
seeds germinated. Many of the seedlings died 
while still very young but a few lived and a 
very few made healthy, vigorous plants that were 
obviously hybrid plants and not nucellar seed- 
lings of the female parent. (See fig. 3-34.) 

This hybrid foo much like a citrange in 
twigs and foliage. 

The citrumquat is a combination of two 
citrus fruit trees possessing to the highest degree 


2.5m 





Fig. 3-34. Citrumquat [Poncirus trifoliata x Fortunella 
japonica] (No. 48424). Branch showing leaf variation. 
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two very different kinds of hardiness. Poncirus 
trifoliata is a deciduous tree able to endure win- 
ter temperatures as low as -23° C or -25° C 
(-10° F to -13° F), whereas the kumquat, with 
its highly developed winter dormancy, is able to 
withstand long spells of warm weather in winter 
or early spring without putting out tender new 
growth easily killed by temperatures of even 
only a few degrees below the freezing point. This 
winter dormancy of the kumquat was noted by 
Swingle and Robinson (1923, p. 230) in their 
discussion of citrangequats. 

The extreme difficulty experienced in get- 
ting healthy hybrids between Fortunella and 
Poncirus is further proof of the remote degree 
of relationship of these genera. However, failure 
to get viable hybrids on the first trial should not 
be taken as conclusive proof that such hybrids 
cannot be obtained if the parent plants (partic- 
ularly the seed parent) are in proper condition 
when cross-pollinated. 

Calamondin (orangequat?) [Citrus reticu- 
lata var. austera P X Fortunella sp. ?). 

This Chinese citrus fruit tree, illustrated 
in figure 3-35, widely cultivated in the Philippines 
and also grown in Hawaii and the United States, 
is very probably an orangequat that arose in 
China by insect cross-pollination of a sour, loose- 
skinned mandarin orange and a kumquat, per- 
5g Fortunella margarita. In the Philippines, it 
is known under the name of Calamonding. This 
hybrid was described under the name Citrus mitis 
Blanco by Swingle (1914-1917, vol. 2, p. 784) and 
by Hume (1926, pp. 133-34, fig. 87) and under 
the name Citrus microcarpa Bunge by Tanaka 
(1933b, p. 184). It was figured in Ochse (1931, 
pp. 131-32, col. pl. 50). It is reasonably certain 
that the Calamondin is a Citrus  Fortunella 
hybrid and should not be considered as a valid 
species (see Swingle, 1942, p. 26). 

This hybrid has depressed-globose fruits 
with a very thin peel, that becomes loose as the 
fruit ripens, and with intensely acid pulp. The 
segments number only seven to ten. It may pos- 
sibly turn out to be a back-cross of an F, Citrus 
< Fortunella hybrid on Citrus reticulata. This 
could probably be determined by experimental 
hybridization. This hybrid enters into the par- 
entage of the interesting trigeneric hybrid, the 
Altamaha or Glen citrangedin (see p. 339). 


Tetraploid Calamondin. 


This interesting form of the Calamondin 
was discovered in Formosa by N. Nakamura, one 
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of Tanaka’s graduate students. He published 
(1934) an account of his examination of a large 
number of cultivated forms of Citrus, including 
at the end of the list several forms of the Cala- 
mondin and two other hybrids. In all, he exam- 
ined seventy-six species or cultivated varieties 
of Citrus and four citrus hybrids. Only one of 
these varieties (the one now in question) showed 
the tetraploid number of chromosomes. He called 
this variety “Shikinari-mikan” and considered it 
to be a tetraploid form of the Calamondin. He 
noted that the pollen mother cells show 18 bi- 
valent chromosomes in the first division of the 
pollen mother cell, and 18 monovalent ones in 
the second division (Nakamura, 1934, p. 169, figs. 
9, 10). He stated that the characters of this variety 
correspond in general to those of the diploid form 
of Calamondin, commonly cultivated in Japan; 
however, the tetraploid variety has “fruits .. . 
larger in size and sweeter, and... leaves...much 
thicker than those of the diploid individuals. . . . 
Its pollen grains are also lace than those of 
the diploid,” but more of them (about 30 per 
cent) are sterile. 

Unlike many tetraploid forms of Citrus, 
this tetraploid Calamondin grows as vigorously 
as the diploid form, or even more vigorously. 


COMPLEX BIGENERIC HYBRIDS 


Procimequat [(Citrus aurantifolia “Mexi- 
can’ X Fortunella japonica) X Fortunella hindsii). 
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Fig. 3-35. Calamondin. Fruiting branch. 
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This very interesting complex hybrid, 
which has a triploid chromosome number, is the 
result of a carefully safeguarded cross-pollination 
of the Eustis limequat (see p. 336) with Fortunella 
hindsii, a tetraploid species, made by Eugene 
May and the writer expressly to obtain a triploid 
hybrid. Longley (1926, pp. 543-45, fig. 1) found 
it to be triploid, with 27 chromosomes in the 
somatic cells (18 supplied by the male parent, 
the Hongkong wild kumquat, and nine by the 
limequat). 

The limequat fruits have from six to nine 
segments, as might be expected from a hybrid of 
the round kumquat (with four to seven segments) 
with the Mexican lime (with 10 to 12 segments). 
The pe a wild kumquat fruits have only 
three or four Se The ovaries of the pro- 
cimequat hybrid under consideration usually 
show from four to five segments. 

The leaves of these hybrids are small but 
some of them show fairly vigorous growth (see 
fig. 3-36). The fruits set abatidatly even on small 
young plants and are small and subglobose, much 
like those of Fortunella hindsii but a little larger 
and a much paler orange in color when ripe. 
These fruits are not seedless, as was expected, 
but produce some nucellar bud embryos, as do 





Fig. 3-36. Procimequat [ (Citrus aurantifolia ‘Mexican’ < Fortunella japonica) X Fortunella hindsii). Fruiting and 


flowering branches. 
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many citranges after the development of the 
ovules has been stimulated by pollination. Tri- 
ploid limes are usually seedless. 

This hybrid is interesting because it throws 
light on bigeneric Fortunella X Citrus back- 
crosses such as are possibly represented by the 
Malayan hedge lime discussed (see p. 332). The 
procimequat is in reality intermediate between 
a true bigeneric back-cross and a trigeneric hy- 
brid, because Fortunella hindsii belongs to a 
subgenus, Protocitrus, with many important taxo- 
nomic characters separating it from the true 
Fortunella species placed in the subgenus For- 
tunella. 

The name “procimequat” (given here for 
convenience) is derived from Pro[to]c[itrus 
L]imequat. 


TRIGENERIC HYBRIDS OF FORTUNELLA 


Several remarkable trigeneric hybrids hav- 
ing Fortunella as one parent have been made by 
the citrus experts of the former Bureau of Plant 


Industry. These hybrids are of great interest be- 
cause of the light they throw on the origin of 
strange complex hybrids that arise without human 
aid in the dooryard citrus groves of China, Japan, 
and India. 


PENN STATE 
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Citrangequats [Fortunella sp. < (Citrus 
sinensis < Poncirus trifoliata)]}. 

These were the first trigeneric hybrids to 
be produced artificially from definitely known 
parents. Swingle succeeded in making this cross 
in 1909 by using pollen from Willits and Rusk 
citranges (Poncirus trifoliata < Citrus sinensis) 
on properly safeguarded flowers of the oval kum- 
quat (Fortunella margarita) and the round kum- 
quat (F. japonica). Several of these citrangequats 
were described and illustrated by Swingle and 
Robinson (1923, pp. 230-33, pls. 1, 2, 3). The 
Thomasville, Sinton, and Telfair citrangequats, 
described and figured by Hume (1926, pP. 40-42, 
fig. 45), are the best known of these hybrids. 

Citrangequats vary greatly in size, color, flavor, 
etc. The Thomasville citrangequat has obovoid 
fruits borne on long pedicels, 1.5 to 3 cm long 
and 2 to 2.5 mm in diameter at the base, but 
swollen and pulvinoid at the top, 8 to 10 mm, and 
permanently curving as the fruit matures until it 
hangs down, making an angle of 45° to 90° with 
the base of the pedicel. This character is un- 
known in any of the three parent species and 
shows how taxonomically new characters can 
arise in complex hybrids (see further discussion 
under Poncirus hybrids, pp. 347-49). 

Citrangedins [(Fortunella sp. ? x Citrus 
reticulata var. austera ?) X (Citrus sinensis < 
Poncirus trifoliata)]. 

This highly complex trigeneric and 4-spe- 
cific hybrid is the result of a cross of the Cala- 
mondin, itself a hybrid of Fortunella and Citrus, 
with the Willits citrange, a hybrid of Poncirus 
and Citrus (see also p. 347). It bears small, sub- 
globose fruits of a brilliant orange-yellow color. 
The fruit was described and figured by Swingle, 
Robinson, and Savage (1931, pp. 14-15, pl. 9) and 
the plant’s extreme resistance to cold was noted 
in Swingle, Robinson, and Savage (1932, p. 7). 
This 4-specific hybrid often shows one- or two- 
lobed leaves on young vigorous shoots, and some- 
times difoliolate or trifoliolate leaves. The leaves 
on fruiting ah are almost always unifoliolate 
and look very like those of a Fortunella-Citrus 
hybrid. This hybrid shows clear traces of all three 
genera that enter into its parentage but is strik- 
ingly different from any species of Fortunella, 
Poncirus, or Citrus. 

If its parentage were not known, the Alta- 
maha or Glen citrangedin might even be consid- 
ered a new genus, as well as a new species, by 
those who name “chance seedlings” of obvious 


hybrid ancestry as good species! 
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Faustrimedins [Microcitrus australasica < 
(Fortunella sp. X Citrus reticulata ‘Calamondin)]. 

The faustrimedin is a hybrid of the Austra- 
lian finger-lime with the Calamondin, itself a 
hybrid between the kumquat and some variety 
of orange of the mandarin group (Citrus reticu- 
lata). It is thus a trigeneric hybrid of Citrus, For- 
tunella, and Microcitrus. The faustrimedin has 
small leaves much like those of the Australian 
finger-lime and is hardy like the Calamondin. 

This hybrid, first made by Oliver (1911, 
p. 40, pl. 1, fig. 2), may be of use in obtaining still 
more complex hybrids containing the blood of 
Eremocitrus or Poncirus. It is a vigorous grower 
and shows some promise as a rootstock. It is 
easily propagated from cuttings. The fruits are 
like finger-limes but are shorter, nearly seedless, 
and pleasantly acid. 


XXII. Eremocitrus Swingle 


XXII. Eremocitrus Swingle, Jour. Agr. Res. 
2:86. 1914. 

Type species.—Triphasia glauca Lindl. = Eremo- 
citrus glauca (Lindl.) Swing. 

Distribution.—Australia: central and southem 
Queensland; northern New South Wales. From near the 
coast at Broad Sound, Queensland, as far west in scat- 
tered colonies as Long. 142° E. in New South Wales, or 
possibly Long. 141° E. in Queensland. 

Common name.—Australian desert lime. 

Leaves gray-green, thick and leathery with a 
pressed grayish hairs on both surfaces; aaret coltary in 
the axils of the leaves, sometimes lacking on older 
branches; flowers single or few in the axils of the leaves, 
3-5-merous, petals narrowed at the base, stamens free, 4 
times the number of the petals, ovary with 3-5 locules, 


2 ovules in each locule, style short; fruit oval or hago 
with a fleshy peel (as in Citrus), having oil glands, pul 
acid, with stalked subglobose pulp-vesicles, seeds eoalt 


with hard wrinkled testa; cotyledons hypogeous, first 
leaves cataphylls. 

This genus is in many ways the best char- 
acterized and most distinct of any of the near 
relatives of Citrus. It is the only pronounced 
xerophytic plant in the whole orange subfamily. 
Both leaves and twigs ait a eer like sage- 
brush; the leaves are small, thick, bifacial with 
palisade parenchyma on both faces, and covered 
with a thick cuticle. The stomata are deeply 
sunken in pit-like depressions in the surfaces of 
both leaves and young twigs. There is a some- 
what persistent sparse coating of thick-walled 
appressed hairs on the leaves and twigs not pres- 
ent in any other citrus fruit tree. In the event of 
severe drouth, the leaves fall and the gray-green 
twigs carry on the very restricted photosynthesis 
possible under such conditions. The young plants 
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have greatly reduced linear leaves that are, in 
fact, cataphylls. The young seedlings grow very 
slowly until an extensive root system is formed; 
then, if adequate moisture is found, the stem 
grows upward as rapidly as that of any citrus 
tree and little by little larger leaves are formed 
until some may measure 50 to 65 by 10 to 20 mm 
and nearly 2 mm thick! The young plants have 
single sharp, stiff spines in the axils of the leaves. 
These are usually 2 to 3 cm long. On certain par- 
ticularly vigorous wild trees growing in central 
New South Wales, spines of enormous length 
have been produced. They are very stout, some- 
what up-curved, and reach a length of 6 to 9 cm 
with a vertical diameter at the base of 5 to 7 mm 
and a transverse diameter of 3 to 4 mm. The flow- 
ers are much like those of Microcitrus but smaller, 





Fig. 3-37. Eremocitrus glauca. Leafy twig, fruits, and 
seeds. (Photo by W. P. Bitters.) 
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usually 3- to 5-merous with six to ten entirely 
free stamens with slender filaments. The ovary 
has three to five locules with two ovules in each 
locule, a character not found in any other True 
Citrus Fruit Tree except Fortunella! The fruit is 
small, subglobose, ovoid or obovoid, 15 to 25 by 
12 to 15 mm. The subglobose pulp-vesicles have 
short, slender stalks and are loosely aggregated, 
not cohering as tightly to each other as in the 
common citrus fruits. The seeds are small and 
contain only a single embryo. 


This remarkable xerophytic citrus fruit tree 
grows wild in central and northern New South 
Wales and in southeastern Queensland. In New 
South Wales, it is sometimes found in semiarid 
regions even as far west as the Mootwingee Range 
(Lat. 31° 45’ S., Long. 142° 10’ E.), about 80 
miles northeast of Broken Hill in extreme western 
New South Wales. 


Eremocitrus glauca (Lindl.) Swing. Jour. 
Agr. Res. 2:88. 1914. Triphasia glauca Lindl. in 
Mitchell, Jour. Exped. Trop. Austr. 353. 1848; 
Atalantia glauca (Lindl.) Benth. Fl. Austr. 1:370. 
1870. Illus. Fairchild, U.S. Dept. Agr. Yearbook 
1911: pl. 45, fig. 1. 1912; Swingle, loc. cit. text 
figs. 1-7; idem, in Engler, Die Nat. Pflanzen- 
fam. 19a:332, fig. 153, a—-o. 1931; Maiden, Forest 
Fl. N. S. Wales 7:245, pl. 248, figs. A-H. 1921; 
Flanders, Calif. Citrog. 17:278, 6 unnumbered 
half-tone text pls. 1932; fig. 3-37 this work. 


Type.—Australia, Queensland, Dublin County, 
near junction of Maranoa and Merivale rivers (Mitchell, 
1846). Kew, Brit. Mus., and Gray Herb. (Swingle, 1914b, 

. 90). 

‘ Distribution —Australia: central and southern 
Queensland; northern New South Wales. From the Burde- 
kin River (Lat. 20° S.) in northeastern Queensland to the 
coast at Broad Sound (Lat. 23° S.), thence south along 
Long. 152° E. to the New England district in northeast- 
er New South Wales, thence southwest to Dubbo in 
central New South Wales (Lat. 32° 20’ S., Long. 149° 35’ 
E.), thence westward (rather common) to Long. 147° E., 
or even 146° E., and also occurring in scattered groups 
much farther west in the hills in the semiarid region as 
far as Long. 142° E. in New South Wales and possibly 
Long. 142° E. or even 141° E. in Queensland. 


Common name.—Australian desert lime. 


The typical form of this species as it occurs in 
southeastern Queensland, Australia, is a small tree or a 
large shrub, sometimes growing as a thorny bush only a 
few feet in height. F. M. Bailey described it as “a rigid 
glaucous shrub of 2 or 3 ft., often armed with straight 
or incurved axillary spurs of % in. or under .. .” How- 
ever, Flanders (1932, p. 278) figured a giant tree at Chin- 
chilla, Lytton County, in Queensland, some 130 miles 
west-northwest of Brisbane, that had a single trunk, about 
25 feet in height and measuring 20 inches in diameter 
at 2 feet above the ground. The round crown was about 
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28 feet across. Such a tree undoubtedly grew where its 
roots had access to ground water. 


The leaves are gray-green, very thick and leath- 
ery, usually oblong, linear- or elongate-obcuneate, obtuse 
at the apex, often emarginate, 25-40 x 4-10 mm. Both 
surfaces show appressed, grayish hairs and have a thick 
cuticle with minions stomata. The leaves are more or less 
paraheliotropic (on the edge to the light) and have no 
clearly defined upper and lower surfaces (Swingle, 1914b, 
figs. 5, 6, 7). Flowers very small, 3-5 mm long and 5-8 or 
10 mm across, borne singly or in groups of 2 or 3 in the 
axils of the leaves on slender pedicels, 4-6 mm long, 
flowers 3-5-merous, with 4 (sometimes 3) times as many 
stamens as petals, stamens short, filaments slender, 4-5 
mm long (sometimes slightly united at the base according 
to Bailey); pistil short, 3-4 mm long, ovary ovate with 3-5 
locules; fruits subglobose or obovoid, 7-12 x 8-10 mm, 
pulp-vesicles small, subglobose, on short, slender stalks 
and nearly free from one another; seeds small, oval, 
56 x 34 X 2.5-3 mm, testa rough, monoembryonic. 
Young plants growing in the greenhouse at Washington, 
D.C., had very slender, straight or slightly upcurved 
thorns, 25-35 mm long but only 1-1.5 mm diam.; young 
trees growing out of doors at Riverside and Indio, Cali- 
fornia, show much stouter spines, 2-3 mm diam., but sel- 
dom as long as 35 mm. The twigs on young plants are 
usually very slender, 1-2 mm diam., and for several years 
bear very narrow, slender leaves or cataphylls, 18-30 x 
1-2 mm, and make very slow growth; as soon as an exten- 
sive root system has developed, the young tree ges up- 
ward rapidly, producing larger leaves on slightly stouter 
twigs, 2-3 mm diam., that often show only very short 
spines or none. 


The trees growing at Indio under irrigation began 
to flower and set fruit when they were 12-15 feet high 
and about 8-10 years old. At that age the branches were 
comparatively short and the trees compact with but little 
spread (at 20 years of age one tree was 20-22 feet high 
and the top spread 12-16 feet). The flowers appear very 
abundantly in March, and by late May or early June the 
fruits begin to drop while still green or slightly yellowish- 
green. The fruits are juicy, thin-skinned, and rather 

leasantly acid. Two forms occur: one strain has subglo- 
esos fruits, the other obovoid or short-ovoid fruits. 

The Australian desert lime, Eremocitrus 
glauca, is a pronounced xerophyte, the only one 
found thus far in the orange subfamily (fig. 3-38). 
It is able to withstand severe drouth and hot dry 
winds. Under such conditions the leaves fall off 
and the leafless gray-green twigs (resembling 
those of the smoke tree, Dalea spinosa, and the 
paloverdes, common in the arid regions of the 
southwestern United States and northern Mexico) 
sae He photosynthesis on a reduced scale. The 
seedling develops an enormous root system be- 
fore making vigorous aerial growth and peter 
ing full-sized leaves (young seedlings bear only 
very slender re he The roots are able to 
endure rather high concentrations of salts in the 
soil moisture and are much less susceptible to 
boron poisoning than are those of Citrus. When 
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od ae , a” F 
Fig. 3-38. Eremocitrus glauca tree, the only xerophyte 
in the orange subfamily, growing at Chinchilla, Queens- 
land. 


in a dormant condition this species is able to 
withstand, without injury, temperatures of ten 
or more degrees below zero Fahrenheit (— 24° C 
or lower). It probably possesses a higher zero 
point of growth and, in consequence, a greater 
dormancy in late winter and early spring than 
Citrus. It a aatinne ranks next to, but does not 
equal, the quats in possessing both winter 
dormancy and resistance to cold. 

There is good reason to believe that Ere- 
mocitrus has spread slowly westward in north- 
eastern Australia over a long period of time, prob- 
ably some 20 million years or more (see p. 352), 
during which time this plant has become adapted 
to withstand a semiarid climate and to grow in 
soils having an appreciable saline content in the 
soil moisture. Trees of Eremocitrus glauca have 
been found growing wild in northeastern Austra- 
lia up to east longitude 142° 10’, a distance inland 
of 800 to 960 kilometers (500 to 600 miles). The 
western half of this range falls in a region classed 
as “Dry Steppe” by the Australian experts An- 
drews and Maze (1933), whose maps show that 
Eremocitrus grows wild as far west as the cli- 
matic zone which according to their designation 
has an average of from six to eight arid months. 
Their No. 8 line (indicating eight arid months in 
the year), which separates the steppe climate 
from the desert climate in Australia, runs through 


342 


the westernmost limit of the range of Eremocit- 
rus. Convincing proof of the drought resistance 
of Eremocitrus is found in certain thrifty groves 
of the desert lime growing in regions in Australia 
where salt bushes thrive and where trees of 
some other species die during prolonged drought 
before the Eremocitrus trees show even slight 
injury’® 
In spite of years of effort on the part of 
several generous Australian cooperators, the at- 
tempt to obtain seed from the Eremocitrus trees 
growing wild in the drier parts of Queensland 
and New South Wales proved unsuccessful up 
to 1941. A few mature fruits were found west of 
longitude 148°, but they contained no viable 
seeds. Fortunately, in December, 1941, C. T. 
White collected ripe fruits of Eremocitrus glauca 
containing viable seeds in the vicinity of Charle- 
ville, Queensland, in the Warrego River Valley 
Sri 147° 40’ to 145° 30’ E.). The trees from 
which the seeds were obtained were growing 
under semiarid conditions. These seeds germi- 
nated and the seedlings grew well in the green- 
houses of the U.S. D ent of Agriculture 
near Washington, D.C. The complete absence of 
seed in fruit of this species growing in its natu- 
ral habitat is apparently the rule, according to 
information supplied in a letter dated December 
2, 1964 to Dr. J. R. Furr, U.S. Date and Citrus 
Station, Indio, California, from E. C. Levitt, New 
South Wales Department of Agriculture, Sidney, 
Australia. As recently as 1964, the E. glauca trees 
wing at the U.S. Date and Citrus Station have 
the source of seed supplied to Australian 
citrus specialists for their studies on the suita- 
bility of E. glauca as a rootstock and its tolerance 
to salinity. 
Eremocitrus glauca can serve as a root- 
stock for Citrus aurantium and other species of 
Citrus; when used for the sour orange excellent 
pibeben was obtained in the Washington green- 
ouses. Eremocitrus also grafts readily on Citrus. 
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BIGENERIC AND TRIGENERIC HYBRIDS 
OF EREMOCITRUS 


Eremocitrus trees growing near a collec- 
tion of Citrus species and hybrids in the U‘S. 
Date and Citrus Station at Indio, California, have 
fruited heavily (fig. 3-39). A small percentage of 
the seedlings from them have proved to be hy- 
brids. In all several score of such hybrids have 
been found and many of them propagated from 
cuttings (fig. 3-40). Efforts to pollinate castrated 
and bagged Eremocitrus flowers from Citrus or 
other genera have not so far succeeded, probably 
because of the great profusion of blossoms pro- 
duced by Eremocitrus, of which doubtless only 
one in a hundred or so set fruit. 


Swingle believed that two kinds of Eremo- 
citrus hybrids are easily distinguished: bigeneric 
hybrids, in which a Citrus species is the pollen 
parent, and trigeneric hybrids, which have a 
citrange for the pollen parent. 


In the revision of this chapter, the junior 
author has maintained Swingle’s classification of 
bigeneric and trigeneric hybrids as presented be- 
low. However, it should be noted that Dr. J. R. 
Furr, U.S. Date and Citrus Station, Indio, Cali- 
fornia, has reservations concerning such classifi- 
cation. In a letter to Dr. Walter Reuther, the 
editor of this volume, dated June 7, 1965, he 
stated: 

I have some reservations regarding Swingle’s 
aa gan eremolemon, eremorange, eremoradias, etc. As 
well as I can remember the seedlings of the old E. glauca 
tree that used to grow at the U.S. Date and Citrus Station 
looked about the same after the Meyer lemon tree grow- 
ing very close to it was removed as they did before its re- 
moval; but there were grapefruit trees nearby all of the 
time, so it is possible that we were getting E. glauca x 
grapefruit hybrids. 

I have been puzzled by the E. glauca seedlings 
I have oon Usually there is a mixture of types in the 
open-pollinated seedlings grown from our E. glauca trees 
ranging from vigorous, upright plants with lanceolate 
leaves to very small, weak ts with thorny branches 
and only vestigial leaves. The weak ones usually die in 


16 Harry H. Hazelwood, a prominent nurseryman of Epping, New South Wales, i aah to Swingle in a letter 
es 


dated  pacieed 23, 1924, that at Carwell Station (Long. 14°7 48’ E., Lat. 31° 15’ S.), 44 
d been a drought of some months’ duration during which a number of trees of the Buddah, Eremophila 


there 


southwest of Coonamble, 


mitchelli, had died, but that in the large tract covered with a growth of Eremocitrus glauca “not a single instance was 
noted of these trees dying of drought.” O. E. Friend, a resident of Carwell, wrote on November 16, 1915, that the rain- 
fall for the preceding 12 months had been only 9.09 inches and for the year before only 14.80 inches, yet “the trees [of 
Eremocitrus glauca] were wonderfully green at present in spite of the prolonged droughts.” The rainfall at Carwell av- 
erages about 19 inches, according to Mr. Friend. 

The drought resistance of Eremocitrus glauca was discussed by Flanders (1932), who reported seeing small 
trees growing at Mootwingee (Long. 142° E.), where the annual rainfall averages about 12 inches. He also told Swingle 
of seeing living but leafless trees near Longreach, Queensland (Long. 144° E.), where no rain had fallen during the pre- 
ceding 15 months and no green vegetation could be seen! 
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the flats before they are large enough to plant in the field. 
I supposed that the weak thomy plants were possibly 
selfed E. glauca seedlings and that the vigorous ones 
were secbabl hybrids with citrus. We have never caged 
a tree of E. douks to see if it will produce any seed with- 
out eroaepolination. One year I did pollinate flowers of 
E. glauca with several different kinds of citrus. On dif- 
ferent branches of E. glauca, flowers were pollinated b 
hand with pollen from sweet orange, pummelo, roug 
lemon, and Shekwasha. No seed were obtained from 
flowers pollinated by pummelo. Seedlings that appear to 
be hybrids were obtained from the other crosses; that is, 
the seedlings were highly variable and there seemed to 
be family differences between the different lots of seedlings 
of supposedly different pollen parents. In these supposed 
crosses, the E. glauca flowers were not snails: the 
pen was just daubed on the stigmas of many open 
owers, which may have been self-pollinated at the same 
time. 
I think Swingle was probably right in supposing 
that many of the E. sTaticg seedlings grown from the orig- 
inal old E. glauca specimen at the U.S. Date and Citrus 
Station were hybrids. I doubt that he had adequate evi- 
dence to ustify his assumption that he could tell what 
the hybrids were. Bees do work E. glauca vigorously, and 
if trees of E. glauca and the citrus species were quite 
close together, I should think there would be some cross- 
pollination. 

_ At the same time, Dr. Furr notes in closing 
his discussion that: “Swingle probably grew or 
had grown by his subordinates more seedlings 
of E. glauca than anyone ever grew before or 


since his day.” 


BIGENERIC HYBRIDS 


Eremolemons [Eremocitrus glauca X Cit- 
rus limon “Meyer lemon’. 

All the bigeneric hybrids between Eremo- 
citrus and Citrus have unifoliolate leaves, inter- 
mediate in size between the two parental species 
but thin and bifacial like those of Citrus. Many 
years ago, all citrus trees except a Meyer lemon 
were removed from the vicinity of a fruitful Aus- 
tralian desert lime in the Coachella Valley at 
the U.S. Date and Citrus Station. Desert condi- 
tions produced about one-fifth hybrids, probably 
with Meyer lemons as the pollen parent. They 
grew vigorously, and when 8 to 10 feet high flow- 
ered and fruited rather abundantly, producing 
subglobose, slightly oblate, yellowish fruits, 18 
to 25 mm in diameter, which have five or six seg- 
ments and usually one to three seeds. Upon 
germination, these seeds grew rapidly and pro- 
duced plants which looked exactly like the origi- 
nal hybrid. Doubtless these eremolemon seeds 
contained only nucellar-bud embryos which re- 
produced the mother F, hybrid exactly. This 
Coachella eremolemon, as it is called, has a high 
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Fig. 3-39. Eremocitrus glauca tree growing on the 
grounds of the U.S. Date and Citrus Station, Indio, Cali- 
fornia. Planted in 1958, the tree was five meters high 
when photographed in 1965. (Photo by U.S. Date and 
Citrus Station. ) 





Fig. 3-40. Typical Eremocitrus glauca hybrid. Pollen 
parent unknown. 
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tolerance for boron and doubtless a greater tol- 
erance for salinity in the soil moisture than any 
species of Citrus. Its seedlings are remarkably 
uniform, grow rapidly when young, take Citrus 
buds readily, and have taproots like the Citrus 
rootstocks used by nurserymen. 

Eremoranges [Eremocitrus glauca X Cit- 
rus sinensis]. 

Doubtless some of the many hybrids grown 
from seed from the Eremocitrus trees at the U.S. 
Date and Citrus Station were of this parentage. 

Eremoradias [Eremocitrus glauca < Cit- 
rus aurantium]. 

Perhaps a few hybrids developed at the 
U.S. Date and Citrus Station were of this parent- 
age, as a sour orange tree grew only a dozen 
_ yards away from one of the most fruitful trees of 
Eremocitrus glauca. 


TRIGENERIC HYBRIDS 


Citrangeremos [Eremocitrus glauca X 
(Poncirus trifoliata < Citrus sinensis). 

These hybrids showed trifoliolate or di- 
foliolate leaves and usually also some unifoliolate 
leaves. They were undoubtedly the result of the 
pollination of Eremocitrus flowers from a row of 
citrange trees (Savage, Morton, and Rustic) grow- 
ing nearby in the U.S. Date and Citrus Station 
at Indio. Many of these hybrids had very nar- 
row leaflets, which perhaps was the reason they 
were weak and of slow growth. 

Both the bigeneric and the trigeneric hy- 
brids of Eremocitrus are very unlike any known 
citrus fruit trees, but evidently they cannot prop- 
erly be named as new genera and new species. If 
it proves possible to cross-pollinate successfully 
a citrangeremo [= Eremocitrus < (Poncirus X< 
Citrus)] with another trigeneric hybrid already 
existing, the faustrimedin [= Microcitrus < (For- 
tunella < Citrus)], no fewer than five genera of 
True Citrus Fruit Trees will have been combined 
in the resulting hybrid, viz., Citrus, Fortunella, 
Microcitrus, Eremocitrus, and Poncirus! Naturally 
such ultra-complex hybrids, if obtained, would 
not be recognized by taxonomists as constituting 
true genera or true species. 


XXII1. Poncirus Raf. 


XXIII. Poncirus Raf. Sylva Tellur. Mant. 
143. 1838. Pseudaegle Mig. Ann. Mus. Bot. Lugd.- 
Bat. 2:83. 1865-1866. 

Type species (monotype).—Citrus trifoliata L. = 
Poncirus trifoliata (L.) Raf. 


Distribution.—Central and northern China; widely 
cultivated. 
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Common name.—tTrifoliate orange. 

Small trees with single, stout, axillary spines and 
palmately 3-foliolate, deciduous leaves, twigs dimorphic 
(a) normal twigs with internodes as long or longer than 
the petioles, (b) foliage spurs, which develop from dor- 
mant buds on twigs of previous year, with extremely 
short internodes (less than 0.5 mm long) bearing 1-5 
normal foliage leaves but no spines; flowers developing 
singly at the nodes in spring trom scale-covered flower 
buds formed early in the previous summer on last year's 
twigs that lose their leaves during the winter; sepals 5, 
petals 5, long, slender, spathulate or clawed; stamens 4 
or more times the number of petals, with free, glabrous, 
slender filaments; ovary subglobose, pubescent, seated on 
a short, shallow, cup-shaped disk broader than the ovary; 
ovary with 6-8 (sometimes fewer or more), usually 7 
locules; ovules 4-8 in 2 rows in each locule; style short, 
thick, merging into the slightly clavate stigma; fruits glo- 
bose or maa iform, subsessile, 3-5 cm diam., pene! 
pubescent, with lemon-yellow, soft, orange-like peel wi 
abundant oil glands; pulp-vesicles elongate-conical, slen- 
der-stalked, bearing scattered, secretory, hair-like organs, 
and filled with acid pulp containing numerous droplets of 
acrid oil (or oily wax) in the center; seeds oval, plump, 
often with several supernumerary nucellar embryos; ger- 
mination hypogeous; young seedlings developing at 
bract-like cataphylls, then intermediate forms that soon 
merge into normal 3-foliolate leaves. 

This remarkable genus, although evidently 
closely related to Citrus, Fortunella, Microcitrus, 
and Eremocitrus, has many strikingly aberrant 
characters. In the first place, it differs from all the 
other True Citrus Fruit Trees, which are found 
in only tropical or subtropical regions, in having 
penetrated far into the temperate zone in north- 
eastern Asia; in so doing it has become a decidu- 
ous tree with small leaf buds and larger scale- 
covered flower buds (formed in early summer) 
that pass the winter on the leafless terminal twigs 
and open before (and sometimes with) the leaves 
early in the following spring. The trifoliolate 
leaves are doubtless a survival of the foliage of 
some remote ancestral plant. All the other True 
Citrus Fruit Trees have unifoliolate leaves (except 
Clymenia, which has simple leaves) that persist 
on the tree for two or more years and cannot 
endure severe cold. 


The pith of the stem shows transverse 
plates composed of thick-walled cells, not as yet 
found in any other genus related to Citrus (see 
Swingle, 1909). The pulp-vesicles carry scattered 
hair-like organs that bear at their expanded tips 
a number of rounded, thick-walled cells with 
numerous small, oblique fissures. These organs 
secrete a viscous fluid that allows the pulp- 
vesicles to slip past one another. These organs 
are unknown in any other genus of the orange 
subfamily. The immature fruits contain ponciri- 
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Fig. 3-41. Poncirus trifoliata. Top, branches and immature fruit. Lower, leafy twig, fruit, and seeds. (Photo by 
W. P. Bitters. ) 
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din, a glucoside analogous to hesperidin, but not 
found in Citrus. . 

Poncirus hybridizes freely with Citrus. 
Such hybrids, called citranges, citrandarins, etc., 
are usually ovule-sterile but occasionally produce 
some fertile pollen grains. Poncirus has also been 
hybridized (after overcoming many difficulties) 
with Fortunella and citranges have been hybrid- 
ized with Eremocitrus. 

The pulp-vesicles of Poncirus contain nu- 
merous droplets of oil. Penzig (1887, pp. 161-62) 
discovered these inclusions and found that some 
of these oil globules were semisolid and more or 
less brittle. Oil droplets are also found in the 
pulp-vesicles of Citrus, being very abundant in 
the species of Citrus which belong to the sub- 
genus Papeda. 

Poncirus is not to place in a phylo- 
genetic series along with Citrus and other related 
genera arranged so as to show the course of 
evolutionary progress. Doubtless many “missing 
links” between it and the ancestors of Citrus have 


perished, leaving Poncirus as perhaps the most 
isolated and aberrant genus of all the True Citrus 
Fruit Trees. 


Poncirus trifoliata (L.) Raf. Sylva Tellur. 
Mant. 143. 1838. Citrus trifoliata L. Sp. PI. 
ed. 2. 1101. 1763; C. trifolia Thunb. Fl. Japon. 
294. 1784; C. triptera André (non Desf.), Rev. 
Hort. 57:518. 1885; Aegle ? sepiaria DC. 1824; 
Pseudaegle sepiaria (DC.) Mig. Ann. Mus. Bot. 
Lugd.-Bat. 2:83. 1865-1866; Limonia ? tricho- 
carpa Hance, 1882. Illus. Kaempfer, Amoen. Ext. 
5:801. 1712; Hooker, Bot. Mag. pl. 6513. 1880; 
Nicholson, Gard. Chron. 3 ser. 27:269. 1900; Pen- 
zig, Studi Bot. Sugli Agrumi, Atl., pls. 13, 14. 
1887; André, Rev. Hort., 57: pl. facing p. 516 
(col.). 1885; Georgeson, Amer. Gard. 12:525. 1891; 
Swingle, U.S. Dept. Agr. Bur. Pl. Ind. Circ. 46: 
figs. 1-6. 1909; idem, in Bailey, Stand. Cycl. Hort. 
5:2751, 2752, figs. 3123-25. 1916; Tillson & Bam- 
ford, Amer. Jour. Bot. 25:784, figs. 29-33. 1938; 
fig. 3-41 this work. 


ola Type.—Based on Kaempfer's description and 
te. 


Distribution.—Central and northern China; widely 
cultivated in Japan, Europe, and North America. 

Common name.—Trifoliate orange. 

Small, much-branched tree, twigs of rapid growth, 
strongly angled, becoming cylindrical with age; spines 
single, stout, straight, sharp, oval in cross section (verti- 
cal axis longer); twigs dimorphic: (a) normal twigs 
with internodes 1-5 or even 8 cm long with a single leaf 
at each node, in the axil of which is a bud and often a 
stout spine; (b) foliage spurs, arising from the nodes of 
the twigs of the previous year’s growth (but above the 
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spine and 5-8 mm above the scar of the fallen leaf in the 
axil of which it was laid down as a bud), with 1-5 ( 
2-4) excessively short nodes (less than 0.5 mm long), ea 
bearing a normal foliage leaf but no spine, tipped with 
a bud 1-2 mm wide, covered with green, overlapping bud 
scales with more or less ciliate margins (such foliage spurs 
may persist for two [or more?] years developing 2-4 or 
more leaves each year); leaves ie tea 3-foliolate; term- 
inal leaflet 3-6 x 1.5-2.5 cm, shallowly crenulate, serrate 
above the middle, cuneate at the base, midrib slightly 
raised on both surfaces and gradually expanding below 
near the base for 2 or 3 mm into a pulvinoid swelling en- 
tirely included in the leaf blade and not free except at the 
extreme base (i.e., no petiolule), lateral leaflets 2.5-5 x 1-2 
cm, sessile, lower half wider, petioles 1-2.5 cm, wing 2-3 mm 
at broadest part, tapering to the base; leaflets on leaf spurs 
very similar but with petioles slightly longer in proportion 
to the length of the middle leafiet; spines stout, straight, 
acute, 1-6 cm long, 3-10 mm diam. at base, 2-4 mm 
diam. in the middle, oval in cross section (vertical diam. 
nearly twice the transverse in the lower third of the spine); 
flowers produced in spring on twigs of previous year's 
growth from subglobose flower buds, with bud scales 
usually ciliate on the margins, flowers single, nearl 
sessile, 5- (rarely 4- or 6-) merous; calyx composed of g 
small, nearly free, ovate, cucullate, persistent sepals, 8— 
10 X 3-4 mm; corolla com of 5 white petals, 18- 
30 X 8-15 mm, flat when fully open, subspathulate, often 
narrowed into a claw at the base, soon deciduous; stamens 
20 or more (up to 60); filaments free, unequal in length, 
slender, tapering gradually toward the tips; ovary fs 
bose, 2 mm diam., pubescent, with 6-8 (usually 7) locules; 
ovules numerous, in 2 rows in each locule; style short, 1- 
1.5 mm long, merging into a rather large, subclavate 
stigma; fruits almost sessile, globose, ovoid or slightly pyri- 
form (sometimes with a blunt nipple at the tip set in a 
depression surrounded by a ring-shaped furrow), 3-5 cm 
diam., dull lemon-colored and fragrant when ripe, finely 
and densely pubescent, peel 5-10 mm thick, with numer- 
ous oil ar rather rue seeds ovoid, plump, very 
numerous, leaving very little space for the pulp, which is 
composed of slender-stalked, narrow, elongate-fusiform 
pau mately filled with very acid juice and having a slen- 
er column of numerous small droplets of acrid oil in the 
center. The pulp-vesicles bear hair-like appendages, ex- 
panded at the tips; these usually show scatt thick- 
walled cells having numerous small slanting fissures, 
which secrete a viscous fluid. 


The trifoliolate orange shows surprisingly 
few variations considering that it has been grown 
in China for thousands of years and in Japan 
since at least the eighth century. Palmately 4- or 
5-foliolate leaves are seen very rarely on old 
trees. In the parks of Washington, D.C., a small- 
flowered form occurs that has shorter petals than 
the normal form and these are occasionally seen 
bearing the rudiments of anthers on their mar- 
gins. In other words, such flowers show partial 
staminody of the petals. 

The curious dwarfed variety with very nar- 
row, almost threadlike leaflets, called hiry6 in 
Japan, where it is cultivated as a dwarf potted 
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tree, is described below. The Comte de Castillon 
(1877, p. 73, figs. 11, 12) reproduced Japanese 
figures and gave Latin varietal names to two 
other sports of this species grown in Japan—the 
variety microcarpa, which has minute fruits, and 
the variety punctata, which has leaves dotted 
with golden-yellow spots, called in Japan sunago 
or “gold-dust” trifoliate orange. These interest- 
ing garden sports probably do not merit recog- 
nition in taxonomic botany as varieties. 

In spite of the variations mentioned above, 
it is probable that Poncirus trifoliata, of all the 
True Citrus Fruit Trees, is the most stable of the 
species that have been cultivated for long periods 
by man. This may perhaps be due to the fact that 
this aberrant genus is not very closely related to 
the other genera in the group; if it crosses with 
them, the Ladera hybrids (citranges, etc.) are 
almost always sterile. Thanks to this circumstance 
P. trifoliata has preserved its nature with little 
change in spite of long culture. 


The trifoliate orange has been used very 
extensively in Japan and somewhat less so in the 
United States as a rootstock for the satsuma and 
other cultivated citrus fruit trees. It is also 
used occasionally for hedges (Swingle, 1911) and 
is commonly grown as an ornamental in Asia, 
Europe, and North America, especially in regions 
that are too cold to permit the culture of ordinary 
citrus fruit trees out of doors. 


Poncirus trifoliata has been crossed with 
Citrus making hybrids called citranges that 
have proved valuable as vigorous, hardy, disease- 
resistant rootstocks for ordinary citrus fruit trees. 


The Chinese have for centuries used the 
dried fruits of the trifoliate orange in their medi- 
cal practice. Apparently both the immature fruit, 
called chih-shih. and the fully ripe, sliced, and 
dried fruits, called chih-k’o, are utilized, but for 
different purposes. 


Poncirus trifoliata var. monstrosa (T. Ito) 
Swing. in Bailey, Stand. Cycl. Hort. 5:2952. 1916. 
Citrus trifoliata var. monstrosa T. Ito, Encycl. 
Jap. (Nippon Hyakka Daijiten) 2:1056. 1909. 

Type.—Cultivated in Japan. 

Common name.—F lying-dragon trifoliate orange. 


Tokutaro Ito’s original diagnosis in English reads 
as follows: “Citrus trifoliata var. monstrosa T. Ito, nov. 
var. Branches and spines crooked and curved, leaves very 
slender.” A very dwarf variety, with tortuous slender 
branches with curved spines; the leaves are very small 
with the leaflets often reduced to linear filaments on 
which the oil glands appear as node-like thickenings. 


In Japan this curious monstrosity, called 


Google 


347 


hiry6, or flying dragon, is esteemed for culture 
as a dwarf potted plant. 


PONCIRUS HYBRIDS 

Citranges [Poncirus trifoliata < Citrus 
sinensis]. | 

As the genus Poncirus is monotypic, all its 
hybrids are intergeneric, i.e., either bigeneric 
or trigeneric. The first adequately safeguarded 
hybrids of Poncirus and Citrus were made by 
Swingle in 1897. These hybrids, called citranges, 
showed such striking differences, even between 
sister hybrids grown from a single fruit, that a 
number of them (Rusk, Willits, Morton, Cole- 
man, Savage, Rustic, and Saunders) were named, 
described, and illustrated. (See Swingle and 
Webber, 1898, p. 400, text 09595, a Webber 
and Swingle, 1905, . 10-16, text 
figs. 12 and 13; Webber, 1907, 1907, Li "329-36, pls. 
17-20; Swingle, 1910, pp. 36-41, pls. 1-2; 
idem, 1913e, pp. 83-87, pls. on p PP. 84, 86, 88, 90, 
92; idem, 1913f, pp. 38286, gs. 1-4; idem, 
1927b, pp. 19-21.) Several named varieties of 
citranges are described by Hodgson in this work 
(see pp. 586-87). 

Citrumelos [Poncirus trifoliata < Citrus 
paradisi). 

Citrumelos are very similar to citranges. 
At least one of them, the Sacaton, produces large 
numbers of seeds eae only nucellar em- 
bryos and consequently ue identical F, seed- 
lings in great numbers, like the Troyer citrange 
(see Hodgson, p. 588, this work). The Sacaton is 
a promising rootstock. 

Citrandarins [Poncirus trifoliata Citrus 
reticulata]. 

Citrandarins are much like citranges ex- 
cept that the mandarin salar parent greatly 
reduces the amount of bitter oil found in droplets 
inside the pulp-vesicles. In citranges this oil 
usually makes the fruit too bitter to eat. 

Citremons [Poncirus trifoliata < Citrus 
limon]. 

Many of these hybrids show abnormally 
small leaves in germinating and soon die (Swin- 
gle, 1913f); others are broad-leaved. One, the 
Highgrove, is a very fast grower with fruits like 
a lemon but rougher and more seedy. 

Citradias [Poncirus trifoliata Citrus au- 
rantium]. 

These hybrids greatly resemble citranges 
but seem to be even more vitae and cold- 
resistant. The Brownell citradia (fig. 3-42) grows 
vigorously and fruits freely in in Alabama 
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at Tuscaloosa (Lat. 33° 12’ N.). It makes a good 
stock for the commonly cultivated citrus fruits. 

Citrumquats [Poncirus trifoliata < Fortu- 
nella japonica, or F. margarita). 

These hybrids are very difficult to make, 
germinate badly, and nearly all die while still 
very small. Nevertheless, a very few of them 
have been obtained that grow vigorously (see 
under Fortunella, pp. 336-37). 


SECOND-GENERATION CITRANGES 


Segentranges [(Poncirus trifoliata < Citrus 
sinensis) F a]. 

Almost all Poncirus < Citrus hybrids are 
completely ovule-sterile, although almost all of 
them produce a little fertile pollen. Only two 
of the many citranges that have been studied 
(the Phelps and the Sanford) regularly ie ies 
true second-generation seedlings, all of which 
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Fig. 3-42. Brownell citradia [Poncirus trifoliata « Cit- 
rus aurantium]. Leafy branch. 
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show extraordinary variability. Some of the seed- 
lings are almost like the one or the other parent 
species, and all degrees of intermediates occur. 
In the experimental plantings these hybrids have 
been called segentranges, for convenience, but 
this name covers such a range of forms as to be 
of little practical value (see Swingle, 1910, p. 37, 
pls. 3, 4 [showing Sanford citrange F2 seedlings]; 
Swingle, 1927b, p. 20; and Hodgson, p. 583, this 
work). 


BACK-CROSSES OF PONCIRUS HYBRIDS 
ON THE PARENT SPECIES 


Citrangors [Citrange Citrus sinensis]. 

These hybrids are often very like the 
sweet orange in leaf characters; the fruits have 
not as yet been studied. The orange-like seedlings 
resemble also the orange-like second-generation 
seedlings of the fertile citrange varieties. Some 
of the citrangors show trifoliolate leaves and look 
much like citranges (see Swingle, 1910, p. 36, 
pls. 7, 8). 

Cicitranges [Citrange < Poncirus trifoli- 
ata]. 

These hybrids often look much like Pon- 
cirus trifoliata in both leaf and fruit characters. 
The fruits are often more juicy and contain fewer 
seeds than those of P. trifoliata but are always 
more or less bitter from the droplets of acrid oil 
in the pulp-vesicles. All the cicitranges are tri- 
foliolate, but some are citrange-like with broad 
lateral leaflets. 


TRIGENERIC PONCIRUS HYBRIDS 
Citrangequats [Citrange < Fortunella sp.]. 
These vigorous and variable hybrids are 

discussed in this chapter under Fortunella (see 
pp. 338-39). 

Citrangedins [Citrange < (Fortunella x 
Citrus) ‘Calamondin’]. 

A remarkable hybrid of this parentage is 
discussed in this chapter under Fortunella (see 
p. 339). 

Citrangeremos [Citrange < Eremocitrus 
glauca]. 

These hybrids are discussed in this chap- 
ter under Eremocitrus (see p. 344). 


CITRANGES AND OTHER PONCIRUS HYBRIDS 
IN DOORYARD AND VILLAGE GROVES 
All Poncirus hybrids are marked by their 
trifoliolate or difoliolate leaves and hence are 
easily recognized even when the seedlings are 
too young to have flowered or fruited. There is 
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every reason to expect that similar spontaneous 
hybrids due to cross-pollination by insects be- 
tween Citrus and Poncirus should be found; as a 
matter of fact, such hybrids do occur in China, 
Indo-China, and Malaya. Also it is to be expected 
that intergeneric hybrids between Poncirus and 
widely different species of Citrus should exist; 
in fact, these are found in the homeland of citrus 
fruits, in southeastern Asia, Japan, and through- 
out the Monsoon region. 

Swingle saw in the dooryard gardens in 
China trifoliolate citrange trees and also trifolio- 
late, difoliolate, and unifoliolate forms that were 
probably citrangors; other forms, obviously Pon- 
cirus hybrids, have been found in China and in 
Indo-China. It is therefore to be expected that 
back-crosses and second-generation seedlings, as 
well as complex 3-parental hybrids, should occur 
not uncommonly as “chance seedlings” in door- 
yard citrus gardens in the Far East. 

Fortunately the vast amount of carefully 
safeguarded hybridization work that has been 
done in the United States on the True Citrus 
Fruit Trees has shown what types of hybrids 
may be expected to occur, and as a matter of fact 
do occur, when mixed plantings of species of 
Citrus, Fortunella, and Poncirus in dooryard or 
village groves are cross-pollinated by insects 
(which visit the flowers with great assiduity be- 
cause of their abundant supply of nectar). Chance 
seedlings are almost certain to arise from seeds 
dropped in such dooryard or village groves and 
these chance seedlings can and do persist, flower 
and fruit. If the fruit is valued, ack 
propagated by grafting and a new cultivated 
variety is born. 

Knowing, as we do, the exact origin of the 
remarkable hybrids of Poncirus listed above, as 
well as of the many other, even more compli- 
cated, hybrids listed under Fortunella (see pp. 
335-39) and under Eremocitrus (see pp. 342-44), 
we are able to appreciate how unscientific it 
would be if “new species” (and even the “new 
genera’ that would be needed in some instances) 
were created to include these hybrids (whether 
they arose artificially by human design or spon- 
taneously through insect pollination), thus giving 
them the same taxonomic status as genuine spe- 
cies that arise in nature by slow evolutionary 
processes. 


XXIV. Clymenia Swingle 


XXIV. Clymenia Swingle, Jour. Arnold 
Arbor. 20:251. 1939. 
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Type species (monotype).—Citrus polyandra Tan. 
= Clymenia polyandra (Tan.) Swing. 

Distribution.—Known only from the type locality 
near Namatanai in northern New Ireland, Bismarck Ar- 
chipelago, northeast of New Guinea. 

Common name.—Clymenia. 

This genus is allied to Citrus; it differs in having 
(1) subsessile pulp-vesicles (somewhat narrowed at the 
base but not borne on slender stalks) attached in great 
numbers to the lateral segment walls for % the distance 
from the peel to the axis; (2) very numerous stamens (50- 
100) with free, slender filaments; (3) ovary with a very 
short, stout style (less than % the length of the ovary); and 
(4) leaves with very short petioles, from 40 to % the 
length of the leaf blade, wite which they are not articu- 
lated. The flowers arise singly in the leaf axils and are 
borne on straight, rather stout pedicels, slightly longer 
than the petioles of the subtending leaves; calyx persis- 
tent, 5-lobed, lobes reflexed at apex in dried material, sub- 
erect at sinuses, thick and coriaceous, wrinkled without, 
glabrous within; corolla 5-merous, petals imbricate, dotted 
with numerous small oil glands; stamens very numerous 
(10-20 times as many as the petals), filaments free, slen- 
der, anthers oblong; ovary ovoid with 14-16 locules, 
ovules several in each locule; style very short (about half 
the length of the ovary); stigma capitate; disk broader 
than the ovary, about half as long; fruit ovoid, size of a 
small orange, skin thin, orange-like, dotted with oil 
glands; pulp-vesicles attached in part to the dorsal, but 
eincipally to the side walls of the segments; seeds very 
numerous, small, subglobose or oval, glabrous, embryo 
green. Small trees, branches spineless, twigs subangular 
when young, then cylindrical; leaves thin, smooth, with 
numerous subparallel lateral veins, acuminate-caudate at 
apex, cuneate at base, tapering into the very short petiole, 
furrowed above, and not articulated with the leaf blade. 


This remarkable new genus (of which only 
one species is known) is in its general aspect so 
much like Citrus that it was at first mistaken for 
a sweet lime. It bears sweetish edible fruits about 
the size and shape of a sweet lime (5 to 6 by 7 
to 8 cm), even to a short nipple at the apex. The 
ripe fruits are yellow in color, again like sweet 
limes. However, Clymenia differs very widely 
from Citrus in many important taxonomic char- 
acters and is undoubtedly a distinct new genus. 
It is especially noteworthy in having a type of 
pulp-vesicle not known in any other citrus fruit. 

The type of this genus, Citrus polyandra, 
was described in Latin rather fully by Tanaka in 
all its characters except the detailed structure 
of the pulp-vesicles and the manner of their 
attachment in great numbers to the side walls 
of the fruit segments. The pulp-vesicles are short, 
plump, blunt, oval or subglobose, sessile or very 
short-stalked. What is also important from a 
taxonomic standpoint is that these pulp-vesicles 
are attached in very large numbers all along the 
side walls of the segments, nearly to the inner 
angle touching the central axis of the fruit. The 


350 


leaves of Clymenia are very unlike those of any 
other True Citrus Fruit Tree (Citrus, Microcitrus, 
Eremocitrus, Fortunella, or Poncirus) and strongly 
resemble those of Monanthocitrus, a genus of the 
Minor Citroid Fruit Trees described from New 
Guinea by Tanaka. Monanthocitrus has, however, 
a much simpler floral organization with only 
twice as many stamens as petals, instead of 10 
to 20 times as many, as in Clymenia. The fruits 
of Clymenia are about the size of a small orange. 
The greatly enlarged disk bearing very numerous 
stamens is unique in the orange subfamily. 

Clymenia polyandra (Tan.) Swing. Jour. 
Arnold Arbor 20:253. 1939. Citrus polyandra Tan. 
Studia Citrol]. 2:158, 163. 1928; Citrus medica 
subsp. limonum var. limetta Lauterb. (non “[Ris- 
so] Engl.”) Bot. Jahrb. 55:264. 1918. Illus. Tillson 
& Bamford, Amer. Jour. Bot. 25:786, figs. 34-36. 
1938; Swingle, loc. cit. pl. 1, figs. 1-5; fig. 3-43 
this work. 

Type.—Bismarck Archipelago, New Ireland, Na- 
matanai, Nukonoku (Peekel, No. 408). Herb. Bot. Mus., 
Berlin-Dahlem. Fragments of type: Herb. Natl. Arbor., 
Washington, D.C., sheet No. 46011. Topotype: New Ire- 
land, Buratamtabai, Namatanai (G. S. Gee, 5/6/37, with 
the help of Father Peekell!), Herb. Natl. Arbor, Washing- 
ton, D.C., sheet No. 46010. 

Distribution.—Bismarck Archipelago: known only 
from the vicinity of Namatanai, New Ireland.!7 

Common name.—Clymenia. 

Tanaka’s original description (in Latin) may be 
translated about as follows: “Branches triangular, gla- 
brous, without spines; leaves oblong, caudate-acuminate, 
abruptly narrowed at the base, irregularly serrate; peti- 
oles very short, not articulated [with the leaf blade], and 
not winged, but furrowed [on the upper side]; flowers 
single in the axils of the leaves, with rather long, some- 
what thick, pedicels; calyx saucer-shaped, obscurely 
toothed; stamens up to 100, free, arising in many rows 
outside the disk; filaments linear; anthers oblong; ovary 
ellipsoid; style thick, very short; stigma capitate, some- 
what pentagonal; fruit oblong, somewhat lemon-shaped, 
with an inconspicuous mammilla at the tip; peel thin, seg- 
ments numerous; pulp vesicular, yellow, rather sweet; 
pulp-vesicles short, blunt, very numerous; seeds obovoid, 
superposed.” 

The pa are spineless and the leaves are very 
sida being elliptical, acuminate at both ends, with the 

ase merging into a very short, slender, wingless petiole 
which is not articulated or in any way marked off from 
the blade. The flowers are produced singly in the axils 
of the leaves, petals short ie broad (7 * 7 mm); stamens 
very numerous (50-100) in many whorls, with short fila- 
ments (5 mm), pistils shorter than the stamens, ovary 
ovoid, with a broadly rounded tip not merging into the 
style, ovary with 14-16 locules, style short (only half as 


THE CITRUS INDUSTRY 


long as the ovary), with capitate stigma; fruit lemon- 
shaped, 4.5 x 6-7 cm, with a short nipple at the apex; 
pulp sweet; seeds numerous, superposed, polyembryonic. 

Tanaka deserves the credit for having 
noticed the great divergence of this plant in 
many of its essential taxonomic characters from 
any other of the known True Citrus Fruit Trees. 
However, he considered it to be a hybrid of 
Citrus macroptera and C. medica, which is said 
by Lauterbach to be “commonly planted at the 
[European ?] stations.” 

After studying Citrus macroptera and other 
members of the subgenus Papeda and observing 
the hybrids between them and species of the 
subgenus Citrus that are common in the Philip- 
pines, Swingle became convinced that othe he 
such as Tanaka thought his Citrus polyandra to 
be (Citrus macroptera X C. medica) could not 
possibly show a wingless petiole, even though 
one supposed parent, the citron, has an almost 
completely wingless petiole, because the other 
supposed parent, C. macroptera, has a very long, 
very broadly winged petiole (certainly the larg- 
est petiole to be found in Citrus). 

The extraordinarily close resemblance of 
the leaves and petioles of this ies to those 
of Monanthocitrus convinced Swingle that this 
plant was an entirely new of citrus fruit 
tree, possibly having descended from a remote 
ancestral species common also to Monanthocitrus. 
Swingle thereupon published Clymenia as a new 
genus to include this plant (see Be. 3-43). 

This species, called a-mulis by the natives 
in the village of Namatanai in New Ireland, is 
cultivated for its sweet fruits. 


XXV. Microcitrus Swingle 


XXV. Microcitrus Swingle, Jour. Wash. 
Acad. Sci. 5:570. 1915. 

ean australasica F. Muell. = Microcit- 
rus australasica (F. Muell.) Swing. 

Distribution —Of the 6 known species, 5 are 
found in eastern Australia (Queensland and northern New 
South Wales) and the other (M. warburgiana) in south- 
eastern New Guinea. 

Common name.—Australian wild lime. 

Twigs minutely puberulous; leaves dimorphic, 
those on young seedlings realy reduced cataphylls grad- 
ually merging into small, linear or elongate-elliptical 
leaves and finally into the normal foliage of the species; 
mature leaves more or less coriaceous, strongly veined, 
glabrous except in midrib near base; petioles a day wing- 


less, finely pubescent, especially on the upper flattened 


17 Tanaka, in his original description and in his later notes (1931b, p. 12) on this plant, reported this species as 
native to New Guinea. He was evidently in error, as the type specimen only (Peekel, No. 408) is cited, and it was col- 
lected in New Ireland, some 600 kilometers northeast of the nearest shore of New Guinea. 
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side; spines slender, acute, single (or in pairs in M. inodora 
and M. maideniana) in the axils of the leaves; flowers 
small, 4-5-merous, stamens entirely free, ovary with 4-8 
locules; ovules several, 4-8 or more in each locule; fruits 
round-ovoid or cylindric; pulp-vesicles noncoherent, slen- 
der-stalked, subglobose or ovoid (except in M. australis, 
in which they are elongate-fusiform, tapering above), 
filled with acid pulp having minute droplets of acrid oil 
aggregated along the axis; seeds small, ovate in outline; 
cotyledons hypogeous in germination. 

This genus is obviously related to Citrus, 
from which it differs, however, in having dimor- 
phic foliage, free stamens, an ovary with four 
to six (or eight) locules, and more or less coria- 
ceous, strongly veined leaves. Moreover, it is re- 
lated to the highly specialized genus Eremocitrus, 
which also has dimorphic foliage and free sta- 
mens. Eremocitrus, however, differs from Micro- 
citrus in always having thick, coriaceous leaves 
with thick cuticle palisade tissue and stomata 
on both faces and an ovary with only three to 
five locules having only two ovules in each locule. 
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The six known species of Microcitrus are 
the result of millions of years of slow evolution 
from a primitive ancestral type. From this an- 
cestral type arose the genus Eremocitrus, with 
marked xerophytic adaptations and two ovules in 
each locule of the ovary, and the genus Micro- 
citrus, with more numerous ovules in each locule. 


This ancestral type probably resembled 
somewhat M. warburgiana, the New Guinea spe- 
cies, which has small leaves and small, nearly 
spherical fruits. From such an ancestral form, one 
line of evolution produced the so-called native 
orange, round lime, or Dooja (M. australis), that 
grows to a large tree and has subglobose fruits 
much larger than those of M. warburgiana, with 
long, slender, pointed, more or less twisted pulp- 
vesicles; another line of evolution culminated in 
M. inodora and M. maideniana, highly special- 
ized forms showing adaptations to tropical rain 
forests, with large leaves and paired spines; a 





Fig. 3-43. Clymenia polyandra. Left, flowers and fruit from specimen collected by G. S. Gee near Namatanai, 
New Ireland, Bismarck Archipelago. Right, leafy twig from plant grown at Citrus Research Center, Riverside, Calli- 


fornia. 
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third line of evolution led to the small-leaved, 
somewhat xerophytic species M. australasica and 
M. garrowayi, both with long-ovoid or very 
elongate-cylindric fruits. 

These remarkable citrus fruits are ex- 
tremely interesting in that they show how evolu- 
tion has proceeded in regions isolated as Australia 
and New Guinea have been during the last 
twenty or thirty million years since they were cut 
off from all other land masses.1* The evolution of 
other citrus fruits is not so easily followed, since 
Citrus, Fortunella, and Poncirus did not originate 
in regions that were geographically isolated in 
definitely dated geologic eras. A key to the spe- 
cies of Microcitrus is presented on page 353. 


1. Microcitrus australasica (F. Muell.) 
Swing. Jour. Wash. Acad. Sci. 5:572. 1915. Citrus 
australasica F. Muell. Fragm. Phytogr. Austr. 1:26. 
1858. Illus. G. W. Oliver, U.S. Dept. Agr. Bur. PI. 
Ind. Bul. 202:pl. 15, figs. 5, 6; pl. 2, fig. 1. 1911; 
F. M. Bailey, Comprehen. Cat. Queensl. Pl. 84, 
fig. 63. 1913; Swingle, loc. cit., figs. 1-4; fig. 
3-44, E this work. 

Type.—Moreton Bay, Queensland (F. von Muel- 
ler). Present location (?). 

Distribution. Australia: coastal regions, south- 
ern Queensland; northern New South Wales. 

Common name.—Australian finger-lime. 


First leaves of young seedlings small, 3-5 x 2-4 
mm, ovate, with very short wingless petioles borne on nu- 
merous slender, horizontal twigs with internodes often 
only 2-4 mm long, with sharp, slender spines, 7-12 mm 
long, at the nodes; the upright twigs of young plants have 
similar leaves and spines but the internodes are sometimes 
5-8 mm long; the upright, strongly angled, vigorous twigs 
of mature trees, which have internodes 8-12 mm long with 
single sharp spines, 5-10 mm long, have lozenge-shaped 
leaves, 22-25 X 14-15 mm, obscurely toothed in the upper 
half, gradually narrowed to a blunt, truncate base with 
which the petiole articulates; lateral veins faintly marked 
above, more clearly below, 6-10 pairs, arising at an angle 
of 35°-45° with the midrib, lower ones longer, upper ones 
soon branching, all with several anastomosing curved cross- 
veins; leaves tapering into a truncate or emarginate tip, 
those on lateral twigs 8-20 X 2-10 mm, the smaller ones 
abruptly truncate, often irregularly emarginate; spines 
slender, short, 3-8 mm long; flowers arising singly in the 
axils of the leaves (or occasionally in pairs); flower buds 
subglobose or obovate, 4 x 5 mm, borne on very short 
pedicels, 1-2 mm long; flowers usually 5-merous but 
sometimes 3-4-merous; sepals free, small, concave, mi- 
nutely ciliate; petals oblong, 7-8 mm long; stamens 20-25, 
free, pistils short, stout, ovary with 5~7 locules; ovules 
numerous, 8-16 (or even 20) in each locule; fruits cylin- 
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dric-fusiform, 6.5-10 x 1.5-2.5 cm, often slightly curved, 
narrowed at both tip and base, often showing a blunt pro- 
tuberance at one or both ends; peel rqugh with numerous 


oil glands, greenish-yellow at maturity; pulp-vesicles 


nearly free or loosely cohering, long-stalked, ovoid, ending 
in a very blunt or rounded tip, about 1.7-3 x 1.2-1.5 
mm, borne on a slender stalk 1-2 mm long; seeds numer- 
ous, small, 6-7 mm long, ovoid, monoembryonic, usually 
flattened on one side Pa often showing anal shallow de- 
pressions on the other faces (probably caused by mutual 
pressure of the pulp-vesicles exerted during development 
of the fruit); testa smooth (not wrinkled as in Eremocitrus 
glauca); cotyledons hypogeous in germination. 

This, the type species of the genus Micro- 
citrus, has several characters separating it from 
all of the species of Citrus. It is also very clearly 
separated from the other species of Microcitrus 
by its very long, slender fruits that are unique 
in the orange subfamily (see fig. 3-44, E). They 
have numerous seeds (or rudiments) in each seg- 
ment (more numerous than in any other true 
citrus fruit). The pulp is composed of loosely 
grouped, long-stalked, subglobose or pyriform 
pulp-vesicles, tapering bluntly to the tip. These 
pulp-vesicles are very different from those of 
M. australis but are much like those of M. ino- 
dora; they also resemble somewhat those of 
Citrus (Papeda) hystrix, as noted by Penzig (1887, 
pp. 214-17), who was the first to describe the 
anatomy of the fruits, seeds, and pulp-vesicles 
of M. australasica. The very acrid pulp has a 
harsh aftertaste, probably due to droplets of acrid 
oil in the pulp-vesicles, such as have been found 
in the Australian round lime. Francis (1929, p. 
174) stated that the fruits, both of this species 
and of M. australis, “have a lemon-like flavor 
accompanied by a taste of a turpentine nature.” 

The finger-lime of the coastal regions of 
northeastern Australia is a tall shrub or small 
tree and makes a handsome ornamental. The 
seedlings are very spiny. The first leaves are 
minute linear cataphylls; these gradually merge 
into juvenile foliage which, in turn, merges into 
the mature foliage, the leaves of which are 
smaller than those of any other True Citrus Fruit 
Tree with the exception of Eremocitrus glauca 
when the latter occurs in very dry situations. The 
branches on young plants often stand out nearly 
at right angles to the stem, giving the young plant 
the appearance of a very dwarfed fir tree. This 
species is precocious; Oliver (1911, p. 15) figured 


18 P. Brough (1933, p. 68) cited W. N. Benson (1923, pp. 1-62) in support of his view that “Australia is consid- 
ered to have been joined to the Asiatic mainland at least during the Cretaceous period, but probably a complete separa- 
tion has existed since the beginning of the Eocene.” The migrations of higher plants into Australia are held to have oc- 


curred during later Cretaceous times. 
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KEY TO THE SPECIES OF MICROCITRUS 


A Spines often in pairs, leaves a 8-20 x 4-10 cm; lateral veins very numerous, rather straight and nearly parallel. ..B 
B Fruits ovoid or elongate-elliptical, apex not depressed. .................:.:cccccceseceesceeeseseeeteneeeeneeseeeeneeseeeeas 4) M. inodora 


BB Fruits obovate-elliptical, apex deeply sunken........... 


Saas ase eld hal tae bce a awn cee ett hore espa ee 5) M. maideniana 


AA Spines, if present, always single; leaves medium-sized or small, 1.5-6 0.5-3 cm; lateral veins not very numerous 


and not usually 


PANO ch ote ee eel eee 
C Fruits subglobose, with 5 (rarely 6-7) locules. ........ 


Ce mee POSS ee Oem eH EET ESS OMEGA AROSE EO HOES Cea HE TEDSTER EES SOSH EERE ESSH ES SS ereSESOSHEOHESEESEO ESE ESEOE 


Cee ee ee wwe SOO EMA O HBO OH ERROR ESSE S ASEH SHEE ET OHEMES OES EEOESE SEEM HES OOE SORE ROSES HOSES ESSE D 


D Leaves elongate-elliptical, coarsely crenulate; fruits less than 2 cm diam......................... 6) M. warburgiana 
DD Leaves broadly obovate or rhombic-ovate; fruits globose or subglobose, 2.5-5 cm diam.; pulp-vesicles long, 
2 


tapering, and contorted near the tips. .............. 
CC Fruits ovoid or cylindrical. ....................cccceeseeeeeeees 


PO emer cere er BOSE ats TE HH SES ETE SHS SS eE ESSERE O EES SES a wOHneeeseEsereressSe 


) M. australis 


SPEC OS eT Se Se Mee SETH EHO SE SESE TSS SOS SEEMS OES SOE SHES HORSES EHTS O OSES HE SESE SHER SSESE ASO SEOSSEEE ESE ESEESE E 


E Fruits ovoid or ellipsoid, 6-7 x 2.2-3.5 cm, with 4-5 locules, peel rough, with large oil glands; leaves rhom- 


biG; 2:5 x A 2-2 9 CM: bore eel ei ceed 


DS eee Ser RN Rae RG SRC FON SED crea ERE NOtieime eake ETN R 3) M. garrowayi 


EE Fruits cylindric-fusiform (finger-shaped), 6.5-10 x 1.5-2.5 cm, smooth; leaves ovate or rhombic, 1.54 x 


Wi 2D: CANS, di cess cspctaes ee ee serene teaccpetsansnseect 


a small branch of a two-year-old seedling bearing 
two fruits. 

Uphof (1932, pp. 138-39), in an examina- 
tion of five trees of M. australasica, found that 
most of the flowers were male and that only a 
very few were perfect. He examined the flowers 
on eight twigs and found, out of 161 flowers, that 
151 were male and that only ten were perfect. 

Microcitrus australasica is of interest in 
hybridization work because of the great vigor 
and the extraordinary production of slender leafy 
twigs that have been shown by the Sydney hy- 
brid (see p. 355). 

la. Microcitrus australasica var. sanguinea 
(F. M. Bail.) Swing. Jour. Wash. Acad. Sci. 5:574. 
1915. Citrus australasica var. sanguinea F. M. 
Bail. Dept. Agr. Queens]. Bot. Bul. 18:8. 1892. 
Illus. Penzig, Studi Bot. Sugli Agrumi, Atl. pl. 21, 
fig. 13. 1887. 

Type.—Queensland (Bailey ?). Herb. Bot. Gard. 
Brisbane. 

Distribution.— Australia: southeastern Queensland. 

Common name.—Red-pulp finger-lime. 

This variety differs from the species in that the 
pulp-vesicles at maturity vary from pink to red in color. 

There are similar “pink” or red varieties 
of oranges (the so-called “blood oranges”) and 
grapefruit, some of which are known to have 
arisen as budsports. However, the red-pulped va- 
riety of the Australian finger-lime is found grow- 
ing wild and can be propagated from seed; it 
seems to have originated without the aid of man. 


HYBRIDS 


Faustrimedins [Microcitrus australasica < 
(Fortunella sp. X Citrus sp.) ‘Calamondin). 

This trigeneric hybrid is discussed under 
Fortunella (see p. 339). 

2. Microcitrus australis (Planch.) Swing. 
Jour. Wash. Acad. Sci. 5:575. 1915. Limonia aus- 
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Sestaapa lise deieesen Weades Saea ice eseeconcien seo aes 1) M. australasica 


tralis. A. Cunn. nomen subnudum. 1839; Citrus 
australis Planch. Hort. Donatensis 18. 1854-1858; 
C. planchoni F. Muell. 1872. Illus. Penzig, Studi 
Bot. Sugli Agrumi, Atl. pl. 21, figs. 8-13. 1887; 
Campbell, Agr. Gaz. N. S. Wales 10:1168. 1899; 
Guilfoyle, Austr. Pl. pl. facing p. 123. 1911; Bailey, 
Comprehen. Cat. Queensl. Pl. 84, fig. 62. 1913; 
fig. 3-44, A-B this work. 


Type.—Moreton Bay, Queensland (Leichhardt). 
Herb. Mus. Hist. Nat., Paris. 

Distribution.—Northeastern Australia. 

Common name.—aAustralian round lime. 

Leading terminal twigs straight, very angular, 
with internodes 1-1.5 cm long, with single slender acute 
thorns 5-10 mm long; lateral twigs short, slightly angled, 
with internodes 5-10 mm long, and spines 2-6 mm long; 
leaves entire, glabrous, or sparingly ciliate on the margin 
near the base; leaves articulated with the petioles; larger 
leaves on leading ah 3-4 x 2-3 cm, obovate to obcordate 
(sometimes lozenge-shaped on less vigorous leading twigs); 
leaves of lateral twigs diamond-shaped, 2-3 x 1.2-1.8 
cm; veins visible on both surfaces, but more conspicuous 
below, 12-15 pairs arising at an angle of 25°-30° with 
the midrib and frequently branched, with veinlets arising 
at a very acute angle and running parallel to the veins; 
leaves rounded, emarginate or bluntly pointed at tip, 
cuneate at the base; petioles articulated with the leaf 
blades, finely pubescent and flattened on the upper side, 
2-3 mm long; flowers arising singly in the ale of the 
leaves, small, 10-15 mm diam., 4- or 5-merous, with 16- 
20 stamens with free filaments; fruit globose or subglo- 
bose, 2.5-3.5 or 5 cm diam., with 6 segments (Schaler’s 
green to grass green; Ridgway, 1912, pl. 6); pulp-vesicles 
proper (exclusive of stalk) 6-10 x 2.5-3.5 mm, lightly 
coherent in mature fruits, very pale greenish (water-green, 
Ridgway, pl. 41) near the post but much brighter green 
(light grass-green to grass-green, Ridgway, pl. 3) in the 
center, irregularly slender-pyramidal or fusiform, more 
or less ay ar from pressure, tapering gradually into long, 
more or less contorted blunt tips, 1-1.5 mm wide, con- 
taining numerous large droplets of strong-flavored oil, 
stalks often very short, sometimes 2-3 mm long, texture of 

ulp-vesicle firm enough to cut into slices with a pas 
f ife (much firmer than in any species of Citrus); seeds 
flattened, containing a single embryo; no clearly defined 
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Fig. 3-44. A, branch of Microcitrus australis; B, fruit of same, on branch and in section (after Penzig), and four 
seeds; C, branch of Sydney hybrid (M. australis x M. australasica) ; D, fruits of same, entire and in cross and longi- 
tudinal sections; E, branch of M. australasica with fruit. All figures 1% natural size. 


chalazal cap in spite of the acid nature of the Pop (in 
Citrus the species with acid pulp have strongly colored 
chalazal caps). 


This species, called “Dooja” by the aborigi- 
nes and round lime or native orange by the Aus- 
tralians, is native to northeastern Australia. It is 
readily distinguished from all the other species 
of Microcitrus (and from Eremocitrus as well) by 
its globose or slightly pear-shaped, rough-skinned 
fruits, 2.5 to 5 cm in diameter (about the size 


viatizes ty (GOOIE 


of a large walnut), and by its short-stalked pulp- 
vesicles that taper gradually into blunt tips often 
more or less deformed and twisted by mutual 
pressure (see fig. 3-44, B). 

The early descriptions of this species and 
of M. australasica are so meager as to leave doubt 
concerning which species was being discussed. 
Fortunately the original description of Citrus 
australis, published by Planchon in a rare work 
(Hortus donatensis, 1854-58, p. 18), was based 


BOTANY OF CITRUS 


on a specimen in the herbarium of the Muséum 
d'Histoire Naturelle at Paris, collected by Leich- 
hardt in the vicinity of Moreton Bay in south- 
eastern Queensland. A study of this type speci- 
men makes clear the proper application of the 
name M. australis. 


Penzig (1887, pp. 210-17, pl. 21, figs. 8-13) 
described in detail the anatomy of this species. 
He found that the pulp-vesicles were similar to 
those of the commonly cultivated citrus fruits 
except that they contain, along their central axis, 
large masses of yellowish oil. These pulp-vesicles 
are very different in shape from those of the 
finger-lime, M. australasica, or those of the other 
species of Microcitrus. 

The Australian round lime, or Dooja, 
grows to be a tree 30 to 60 feet high and is the 
largest of any of the native citrus fruit trees. The 
fruit is said to be used for preserves in Queens- 
land. This species, which has been introduced 
into the United States, grows well in California, 
where it is now fruiting. It is exceeded in vigor, 
however, by the Sydney hybrid, the result of a 
natural cross of this species with the finger-lime, 
Microcitrus australasica. 


HYBRIDS 


Sydney hybrid’® [Microcitrus australis < 
M. australasica). Illus. fig. 3-44, C and D. 


Twigs very slender and very numerous, usually 
only lightly angled, very minutely and rather sparsely 
pu ous; bud scales brownish, inconspicuously ciliate; 
nodes 5-13 mm long, with a single slender, sharp, axillary 
spine, 4-12 mm long; leaves on vigorous leading twigs 
20-30 xX 8-13 mm, glabrous, narrowly elliptical or loz- 
enge-shaped, with undulate or irregular, shallowly crenate- 
dentate margins, narrowed at the apex, sometimes with an 
emarginate tip, cuneate at the base, with numerous lateral 
veins arising at a small angle (25°-35°) with the midrib, 
with some cross and some subparallel veinlets, narrowed 
into very short petioles, 2-3 mm long which are sparingly 
and finely pubescent above; leaves on lateral twigs 10- 
20 xX 3-8 mm, linear-elliptic or narrowly ear a ae) 
the smaller leaves entire, the larger with undulate or ir- 
regular, shallowly dentate margins, petioles 1.2-2 mm 
long; fruits elongate-obovoid or ellipsoid, 35-50 x 20-28 
mm, with the tip abruptly rounded, numerous slightly 
protuberant oil ands: circular in outline and about 0.5 
mm diam., peel 2 mm thick, yellowish-green when ripe 
(near lime green, Ridgway, pl. 31); inner portion 0.4-0.5 
mm thick, smooth, of firmer texture than the outer, seg- 
ments 5-8 central core solid, very narrow, ovule traces 
numerous; pulp-vesicles ovoid, tapering to an acute point 
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above, broadly rounded at base, 4.5-7 x 2-4 mm, borne 
on slender stalks, 2-7 mm long, attached to inner wall of 
the ovary but not to segment walls, not adhering to one 
another, containing an acid juice; seeds none. The ripe 
fruits have a spicy, not disagreeable odor. The flower buds 
are spinel fol and the new growth is very dark dull 
dusky purple (Ridgway, 1912). 

This remarkable hybrid was grown from 
seeds of the Australian round lime, Microcitrus 
australis, or of the finger-lime, M. australasica, 
sent to the U.S. Department of Agriculture's 
Agricultural Research Service by the late J. E. 
Maiden, director of the Botanical Garden at 
Sydney, Australia. More than 200 meters of twigs, 
both large and small, were borne on a single 
branch, 3 cm in diameter, of a Sydney hybrid 
growing near Riverside, California, which sur- 
vived for several decades on land no longer irri- 
gated where citrus trees made little or no growth. 

The leaves are intermediate in shape be- 
tween the two parent species, but, owing to the 
enormous number of twigs and consequent great 
profusion of leaves, they are not intermediate in 
size between those of the parent species, but 
nearer that of the small-leaved parent, the finger- 
lime. The leaf margins are more crenate than 
those of either parent. The smaller twigs of both 
parents are minutely ciliate, but the larger angled 
twigs, especially of the finger-lime, are almost 
glabrous. In the hybrid, however, the twigs are 
more pubescent than those of either parent and 
are more slender and more upright. 

This hybrid has been found to support 
the orange and other commonly grown citrus 
fruits very well in greenhouse culture, and it can 
be propagated readily from soft-wood cuttings 
of summer growth. As it excels all known citrus 
fruit trees in the length of twigs it produces, it 
should be tested as a stock for citrus fruits grown 
on foothill soils low in organic nitrogen. On 
account of its extremely abundant branchlets 
covered with miniature leaves, the Sydney hy- 
brid deserves trial as an ornamental, especially 
in the orange-growing section of the southeastern 
States. 


3. Microcitrus garrowayi (F. M. Bail.) 
Swing. Jour. Wash. Acad. Sci. 5:574. 1915. Citrus 
garrowayi F. M. Bail. Queens}. Agr. Jour. 15:491. 
1904. Illus. Bailey, Comprehen. Cat. Queensl. PI. 
84, fig. 65 (leaves and fruit). 1913. 


19 Before its hybrid nature had been established, this form was called, both in the Agricultural Research Service 
greenhouses at Washington and in the field tests, Microcitrus virgata, a provisional name alluding to its very numerous 
slender, straight, whiplike twigs. This provisional name was never validated by proper publication, but is sometimes 


seen in print as, for example, in Fawcett (1936, p. 177). 
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Type.—Queensland, Mount White, Cape York 
Peninsula, near Coen (Lat. 13° 55’ S., Long. 145° E.), al- 
titude 1,300 feet (R. C. Garroway). Herb. Bot. Gard. Bris- 
bane. 

Distribution. Known only from the type locality. 

Common name.—Garroway’s Australian wild 
lime. 

Bark with minute, irregularly interrupted longi- 
tudinal ridges; young twigs very eater 0.8-1.5 mm 
diam., cylindric or rarely a ad angled when very young, 
with very small, more or less upward curving, hyaline 
hairs; internodes 4-15 mm long (usually about 6-10 mm), 
with very slender spines, 2-5 mm long, or spineless; older 
twigs below last growth show gray, corky, longitudinal, 
more or less confluent streaks, 0.5-1 mm wide, that show 
fissures (these corky streaks become more and more abun- 
dant and finally run together, so that two-year-old twigs 
show little or no green bark); leaves of cotype specimen 
(from Mount White, Queensland) narrow, thick and 
leathery, lozenge-shaped to broadly lanceolate, 30-45 x 15- 
20 mm (small leaves 20-25 x 10-12 mm), bluntly pointed, 
rounded or even slightly emarginate at apex, cuneate at 
base, with 5-7 pairs of veins, visible on both surfaces 
of the leaves, arising at the midrib and occasionally 
branching, margins nearly entire, slightly undulate; leaves 
on leading ills of greenhouse specimen 20-25 X 12-18 
mm, lozenge-shaped or broadly ovate, bluntly rounded 
or slightly emarginate at apex, cuneate at base, margins 
slightly dentate or crenulate especially toward the apex, 
with a few hyaline hairs on the margin at the base of 
the leaf and still fewer on the lower portion of the midrib; 
petioles 2-4 X 0.8-1 mm, wingless, flattened above, ar- 
ticulated with the blade, finely pubescent on the upper 
flattened side, especially at the edges; fruit of cotype 
specimen sllifsoiel of cylindric-ellipsoid, 4 X 2 cm, with 
numerous sunken oil glands. 

Bailey described this species as follows, under the 
name of Citrus garrowayi: “Fruit upon the slender branch- 
lets oblong, 2% in. long, 14 lines diameter. Oil glands 
large, giving a tuberculose appearance to the fruits; ulti- 
mately these glands sink, and the fruit appears then to 
be lacunose; rind very thin; cells 4 or 5; pulp of a sharp 
agreeable acid; seeds 3-angular, white, free, with more or 
less very short hairs, about 3 lines long and 2 lines thick 
in the centre. The rough rind of the fruit somewhat re- 
sembles that of C. australis, but the form of fruit is nearer 
to that of C. australasica; the fruit of this latter, however, 
is nearly smooth and the glands small.” 


Microcitrus garrowayi seems to be a good 
species, distinct from M. australasica and M. aus- 
tralis, occurring farther to the south in eastern 
Australia. Bailey called this the Mount White 
lime. It has been introduced into the United 
States. 


4. Microcitrus inodora (F. M. Bail.) Swing. 
Jour. Wash. Acad. Sci. 5:577. 1915. Citrus inodo- 
rus F. M. Bail. in Meston, Rept. Govt. Sci. Exped. 
Bellenden-Ker Range 34. 1889; C. inodora F. M. 
Bail. Svn. Queens]. Fl. 3d Suppl. 12. 1890. Illus. 
Bailey, Queens]. Fl. I:pl. 10. 1899; idem, Com- 
prehen. Cat. Queens]. Pl. fig. 64. 1913; C. T. 
White, Jour. Hered. 13:120, figs. A-E. 1922. 
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| eae Sear Harvey's Creek, Russell River 
(F. M. Bailey). Herb. Bot. Gard. Brisbane; part of type 
material in Herb. Natl. Arbor., Washington, D.C. 
Distribution.—Australia: northeastern Queens- 
land. 
Common name.—Large-leaf Australian wild lime. 


Leaves broadly oval or lanceolate, or with cune- 
ate bases and more or less acute or even caudate at the 
apex, 8-18 x 4-10 cm, with very numerous, parallel, lateral 
veins arising at an angle of 60°-80° with the midrib; 
petioles very short, 4-8 mm long, wingless, not articulated 
with the blade; flowers small (as in other species of 
Microcitrus) but reported by Bailey to be odorless; sta- 
mens free but much more numerous (over 30!) than in the 
other species of Microcitrus; fruit oblong or elliptical 
(somewhat lemon-shaped), 5-6.5 x 3-3.5 cm, with a 
conical base, segments 8, on drying sometimes showing 
ribs corresponding to the walls separating the segments; 
pulp-vesicles stalked like those of other species of Micro- 
citrus, rather loose; seeds small, somewhat pear-shaped, 
6-8 x 45 mm. 

This species is a shrub or small tree 2 to 4 
meters high with the trunk 4 to 5 cm in diameter. 
The twigs are angular like those of Citrus sinensis 
(the sweet orange) and have one or two slender, 
very sharp spines, 6 to 12 mm long. It has been 
found growing wild only along Harvey’s Creek, 
Russell River, where, according to White (l.c., 
p. 119), it is common in the lowland rain forests 
at the foot of the Bellenden-Ker Range in north- 
ern Queensland near Cairns (Lat. 17° S.). This 
is a very rainy region, the average annual precipi- 
tation being 170 inches. In February, 1922 (?), 
the rainfall was 62 inches! 

5. Microcitrus maideniana (Domin) Swing. 
Jour. Wash. Acad. Sci. 28:533. 1938. Citrus mai- 
deniana Domin, Bibl. Bot. 89:297. 1927. [Beitraige 
Zz. Fl. Austr. 851). 


Type.—Northeastern Queensland, rain forest along 
Harvey's Creek (Domin, December 1909, to January 
1910). Herb. Univ. Praha, Czechoslovakia. 

Distribution —Known only from the type locality. 

Common name.—Maidens Australian wild lime. 

The original diagnosis reads, in approximate 
translation: “A low erect shrub, 1.5-2.5 m high; young 
twigs angular-compressed; spines numerous on the twigs, 
two in the axil of each leaf, of which one spine is occa- 
sionally shorter; leaves lanceolate or ovate-lanceolate, pale 
green, midrib rather prominent; fruit borne on a short 
thick pedicel, obovoid-ellipsoid, when ripe about 4.5 cm 
long and 2.5 cm wide or sometimes less, yellow, smooth, 
with 8 obtuse ribs, not clearly visible in ripe fruits, apex 
deeply sunken; young fruits deep green with closely set 
duke green spots. 

“A new species named in honor of the late Pro- 
fessor J. H. Maiden of Sydney; it appears from the de- 
scription to be related to Citrus inodora F. M. Bail. from 
the same locality, but, besides the smaller fruits, the 
deeply sunken apex shows it to be distinct.” 

It is highly probable that this species is 
very closely related to Microcitrus inodora, native 
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Fig. 3-45. Fruit and foliage of Microcitrus warburgiana. 


to the same locality, with which it agrees in hav- 


ing paired spines and more or less clearly eight- 
ribbed fruits (doubtless having eight segments). 
The deeply depressed apex of the fruit is the only 


clearly distinctive character known as yet. 


6. Microcitrus warburgiana (F. M. Bail.) 
Tan. Bul. Soc. Bot. France 75:714. 1928. Citrus 
warburgiana F. M. Bail. Contr. FI. Brit. N. Guin. 
1. 1903. Illus. Bailey, loc. cit. first unnumbered 
plate, lower half (leafy twigs and fruit); fig. 3-45 
this work. 


Type.—Southeastern British New Guinea, Milne 
Bay (W. E. Armit). Paratype: U.S. Natl. Herb., Washing- 
ton, D.C. (from F. M. Bailey). 


Distribution —Known only from the type locality. 
Common name.—New Guinea wild lime. 


The original description reads as follows: 
“Branchlets angular, soon becoming terete, apparently 
quite glabrous; axillary spines erecto-patent, about 2 lines 
long on the specimen seen. Leaves rhomboid-lanceolate, 
1% to 2% in. long, 5 to 11 lines broad, deeply emarginate 
and the margins crenulate for 73 the way down; primary 
nerves rather numerous and very oblique, the inter- 
mediate ones and reticulate veins rather prominent. Peti- 
oles light colored, 2 to 3 in. long, very narrowly winged. 
(No flowers collected.) Fruit axillary on a stout peduncle, 
1% lines long, globose, about % in. diam., oil glands con- 
cave, crowded, rind thin, cells 6. This species seems to be 
nearly allied to C. Medica, var. aruensis, Warbg., Engl., in 
Bot. Jahrb., 1891, page 340.” 

A twig of the type collection sent to Swingle by 
Bailey shows characters as follows: Twigs 30 cm long, 2 
mm diam. at base, with very slender terminal twigs only 
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0.5-1 mm diam., internodes 1-2.5 cm long (rarely 5 mm 
on the slenderest lateral twigs), slightly angled at first but 
soon cylindrical, minutely puberulous at first but appar- 
ently soon glabrescent; leaves elongate-elliptical, leaf 
blades 4-6 x 1-1.8 cm, coarsely but hallowks crenulate- 
serrate, bluntly rounded at apex and often slightly emar- 
ginate, bases cuneate, subentire, lateral veins 10-12, con- 
nected by numerous smaller subparallel reticulating vein- 
lets; petioles subulate, very short, 2-3 mm long, 0.5 mm 
thick, 0.8-1 mm wide, articulated with the leaf blade, 
with ety depressed channel on the upper side bor- 
dered along the upper half by a slightly crenulate mem- 
brane (in drying, sometimes curved upward and making a 
nearly closed channel), sparingly and minutely puberulous 
on the upper side and on the margins. 

The small globular fruits, the elongate- 
elliptical, crenulate leaves, and the narrowly sub- 
crenulate-margined, very short petioles separate 
this New Guinea species very clearly from the 
other species of Microcitrus. This is the only 
species of the genus outside of Australia, and it 
occurs nearly a thousand miles away from M. gar- 
rowayi, the Australian species of Microcitrus 
growing nearest to New Guinea. 

The fruits are small, globose, with six seg- 
ments (fig. 3-45). Bailey’s description, however, 
says nothing concerning the character of the 
pulp-vesicles, if any! The petioles differ from 
those of the other species of Microcitrus in hav- 
ing a very narrowly crenulate margin or wing. 
The veins are numerous, making only a small 
angle (35° to 50°) with the midrib, and soon 
branch, forming a reticulation of veinlets not 
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unlike those of M. garrowayi, although the latter 
species has smaller leaves with fewer veins. The 

timate twigs, especially the short lateral branch- 
lets, are remarkably slender, the smallest lateral 
twigs being 1 to 1.5 mm or even only 0.5 to 0.8 
mm in diameter. 


XXVI. Citrus L. 


XXVI. Citrus L. Sp. Pl. 1:401. 1753. Citro- 
phorum Neck. Elem. 1:401. 1790; Sarcodactylis 
Gaert. f. Fruct. Sem. 3:39, pl. 185. 1805; Papeda 
Hassk. Flora, 25, Beibl. 2:42. 1842. 

Type species.—Citrus medica L. 

Distribution.—Southeasterm Asia, East Indian Ar- 
chipelago, Philippines, New Guinea, New Caledonia, Bis- 
marck Archipelago, Solomon Islands, Fiji (?), Samoa (?). 

Small trees; young twigs angled, soon cylindrical, 
with single spines in the axils of the leaves but older 
branches often spineless; leaves 1-foliolate, usually thin, 
not coriaceous, lateral veins few and without conspicuous 
reticular veinlets between; petioles usually more or less 
winged and articulated with the leaf blade (except in C. 
medica, where they are wingless or merely margined and 
not articulated with the leat blade); flowers single in the 
axils of the leaves or in short, axillary, corymbose racemes, 
perfect or staminate by more or less complete abortion of 
the pistil; calyx mapahaned: with 4-5 lobes; petals 4-8 
(usually 5), thick, linear, strongly gland-dotted, imbricate 
in the bud: stamens usually about 4 times as many as the 
petals but in some species usually 6-10 times as many; 
disk annular, short; ovary subglobose and sharply distinct 
from the much narrower style, or else truncated, fusiform, 
or subcylindrical and merging gradually into a style nearly 
as thick as the upper portion of the ovary, locules 8-18 
(usually 10-14), with 4-8 or more ovules in each locule in 
2 collateral rows; style cylindrical, expanding abruptly 
into the subglobose or o late-spheroid stigma; fruit a 
hesperidium with the segments containing seeds near the 
inner angle and the rest of the space filled with stalked 
fusiform pulp-vesicles, filled with a very watery, large- 
celled tissue; around the segments is a white endocarp, 
outside of which is the peel Jotted with very numerous oil 
glands and turning yellow or orange at full maturity; seeds 
obovoid or flattened obovoid, more or less angular, con- 
taining 1 or many embryos, either white or green. 

In young developing fruits of Citrus short- 
stalked, club-shaped slime-secreting organs develop rapid- 
ly along with the pulp-vesicles. These, however, soon ma- 
ture and liberate, from collapsing superficial cells of the 
head, slimy matter which srobably enables the developing 
pulp-vesicles to slide freely over one another (see Tschirch 
and Oesterle, 1898, p. 303, pl. 70, figs. 36, 36a, 36b, 36c, 
and 38). Similar organs probably occur in the other genera 
of the True Citrus Fruit Trees, but in the subgenus Proto- 
citrus of the genus Fortunella these slime-secreting organs 
are sessile and are not intermixed with the developing 
pulp-vesicles (see p. 333). 

The genus Citrus, thanks to the progress 
made in the taxonomic study of the orange sub- 
family in the last half century, can now be seen 
in proper perspective. It is the culmination of a 


very long period of progressive evolution that 
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certainly began before Australia was cut off from 
land connection with New Guinea and Asia, 
probably more than 20 million years ago. The 
genus Microcitrus, closely related to Citrus, 
occurs both in southern New Guinea (one spe- 
cies) and in northeastern Australia. A related 
genus, Eremocitrus, originated in Australia and 
became a xerophyte adapted to grow in semiarid 
regions. Citrus occurs in New Caledonia, but 
only one species is known there or in neighbor- 
ing islands to the east and southeast. The genus 
may have originated in the New Guinea-Mela- 
nesia region, but its evolution into many different 
species took place chiefly on the mainland of 
southeastern Asia. In fact, it is only there that 
the most highly developed species of Citrus can 
be considered as indigenous. Only the aberrant 
species belonging to the subgenus Papeda have 
developed in the East Indian Archi vii and 
in the Philippines, New Guinea, and Melanesia. 
A few of these species reached the Asiatic main- 
land, and from these sour and bitter-flavored, 
almost inedible species have doubtless developed 
the fragrant, delicious-flavored species of the 
subgenus Citrus, in many ways the finest fruits 
known to man. 

The superiority of these finer species of 
Citrus has led to their extinction as wild plants 
because their fruits made them so attractive that 
the trees were transplanted to village gardens. 
This led to cross-pollination by bees and other 
insects, with the resultant obscuring of species 
limits to the extent that in many parts of south- 
eastern Asia and in the East Indian Archipelago 
it is difficult to find any clear-cut species of Citrus. 
There appears instead, an endless array of com- 
plex hybrids, often combining not two, but three 
or even four, different species in varying pro- 
portions. This situation has led to much confu- 
sion in gags sin to define species of Citrus. 
As will be shown later, it is necessary to abstain 
from naming the principal cultivated varieties of 
Citrus as independent species. Unfortunately, 
names have sometimes been given even to almost 
sterile varieties, doubtless of hybrid origin, that 
depend wholly on man’s care for their perpetua- 
tion. 


THE SPECIES CONCEPT IN THE GENUS 
CITRUS 


About a century and a half ago, several 
treatises were published on the citrus fruit trees. 
The first of these was the Traité du Citrus, b 
Georges Gallesio (1811), followed by the cork 
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of J. A. Risso (1813) and J. L. A. Loiseleur- 
Deslongchamps and Etienne Michel (1818), and 
finally by the Histoire naturelle des orangers of 
Risso and A. Poiteau (1818-1822). In these volu- 
minous works, every cultivated variety was given 
a name consisting of a Latin phrase of from three 
to ten, or even more, words. As these polyno- 
mials did not fit into the Linnaean system of 
lant nomenclature then in universal use by 
tanists, they were never incorporated into the 
taxonomic literature, especially since botanists 
considered that hybrids and monstrosities origi- 
nating in orange houses or gardens were not 
deserving of technical botanical Latin names. 

The view of professional botanists on this 
plethora of names is perhaps best indicated by 
quoting a paragraph relating to the genus Citrus 
written by Daniel Oliver. In his monograph on 
all the other genera of the orange subfamily 
occurring in India, Oliver (1861, p. 1) gave his 
reasons for not attempting to treat the species 
of Citrus. He wrote: “Feeling it utterly hopeless 
usefully to define them [the species of Citrus], 
I have thought it best to leave the Oranges, 
Lemons, Limes and their allies as I found them. 
It has been difficult to form, for purposes of com- 
parison, any satisfactory approximate estimate of 
the number of species in this very variable and 
widely cultivated genus. From the data afforded 
by Risso, Loureiro, Wight and Arnott, Miquel, 
and others, and from what I have myself seen 
of dried or living specimens, I have assumed five 
as about the probable number.” 

Fourteen years later, in 1875, J. D. Hooker 
in his Flora of British India included Citrus 
among the thirteen genera that he recognized 
as comprising the orange subfamily, but recog- 
nized only four species in Citrus, in India proper, 
Ceylon, and Burma! 

As late as 1896, Adolph Engler, who for 
many years had specialized on the Rutaceae, 
recognized only six species of Citrus for the 
entire world, and in these he included three 
species now placed in other genera. Finally in 
1931, as his last and greatest taxonomic contri- 
bution, Engler revised his account of the Ruta- 
ceae for the second edition of Die naturlichen 
Pflanzenfamilien. In this he included eleven spe- 
cies in the genus Citrus and some six or seven 
species (which he had placed in Citrus in 1896 
but now considered to be distinct) in the two 
genera Poncirus and Microcitrus. 

In the meantime, early in the present cen- 
tury, evidence of the most convincing sort, based 


Google 


359 


on many hundreds of accurately safeguarded 
cross-pollination experiments made by the citrus 
experts of the former Bureau of Plant Industry 
of the U. S. Department of Agriculture, began to 
be published. This evidence showed that all the 
species of Citrus tested, and also species of two 
other related genera, could be hybridized with- 
out difficulty and that these hybrids often mani- 
fested astonishing variability in the first genera- 
tion. What was even more surprising, many of 
these hybrids, especially those between rather 
remotely related species, bore apparently normal 
seeds that reproduced the parent hybrid exactly. 
In reality it was found that such hybrids often 
produced no viable egg cells, but, if pollinated, 
tiny buds from the nucellar tissue of the mother 
plant would grow into the embryo sac and there 
develop into apomictic embryos that, of course, 
reproduced the mother plant exactly (Traub and 
Robinson, 1937). 

It is therefore highly probable that in 
China, Japan, India, and other Oriental countries 
accidental hybridization has occurred in door- 
yard or village plantings of assorted citrus fruit 
trees through the action of bees and other insects 
which seek the abundant nectar of Citrus flowers. 
It is also reasonable to suppose that if hybrids 
did arise and if chance seedlings came into fruit- 
ing they would be propagated by the villagers if 
the trees bore fruit of superior quality. 

Many years of intimate contact with the 
citrus hybrid populations gave Swingle and his 
colleagues a clear understanding of the charac- 
ters and nature of some of the more valuable of 
these hybrids between different species of the 
commonly cultivated citrus fruit trees. Armed 
with this experience, Swingle made three trips 
between 1915 and 1926 to the citrus-growing 
regions of Japan, China, and the Philippine 
Islands, where he paid special attention to hy- 
brids and mutations of pummelos, oranges, and 
other citrus fruits. He recognized in Oriental 
villages many of the types of hybrids that had 
been made in the United States by carefully 
safeguarded cross-pollinations! In the Orient, 
these had originated as accidental hybrids, doubt- 
less due to cross-pollination by insects. For ex- 
ample, citranges, hybrids of the trifoliate orange 
and the sweet orange, were found growing in 
dooryards in the Yangtze Valley region of China, 
and tangelo-like fruits, undoubtedly hybrids of 
pummelos and loose-skinned citrus fruits, were 
not uncommon in Japan! After the mass of evi- 
dence regarding the origin and nature of citrus 
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hybrids was brought to light and published in 
detail in well-illustrated papers, evidence that 
proved the possibility of producing large num- 
bers of striking new forms of citrus fruit trees by 
ahead epee of the commonly cultivated spe- 
cies of Citrus, it is indeed surprising that A. W. 
Lushington in India, in 1910, and T. Tanaka in 
Japan, from 1924 to date, should have given spe- 
cies rank to scores of citrus forms that undoubt- 
edly are hybrids. 

Tanaka (1935b, p. 576) realized that many 
of his “secondary or miscellaneous” species are 
chance hybrids. In discussing the fifteen so-called 
“primary elements or species” of Citrus, Poncirus, 
and Fortunella,® and the “secondary or miscel- 
laneous species derived from them,” he stated 
that the lack of secondary species among the 
pummelos (Citrus grandis) of southern China, “is 
to be sed aga by the lack of cooperation of 
compatible elements (species) acting as the mat- 
ing pair to originate new species.” ?! Actually, one 
of the conditions that hinders the hybridization 
of C. grandis with other species is that the 
anthers lie against the stigmatic surface and re- 
lease their pollen before the bud opens. Later 
Tanaka stated: “Compatible combinations of pri- 
mary species” encourage the creation of such 
secondary elements . . . of great significance to 
the evolution of the Citrus flora of the world.” 

In 1932, Tanaka (1932d, p. 263) made the 
following statement concerning the Calamondin 
orange: “The admittance [acceptance] of Citrus 
microcarpa [= C. mitis, a distinct bigeneric hy- 
brid (see p. 337) between Citrus and Fortunella] 
is another of the endless examples, which present 
no contradiction to the writer's system of nomen- 
clature .. .” Tanaka also stated explicitly (1927a, 
p. 54) that new forms of Citrus to which he had 
given taxonomic rank as genuine new species 
might have arisen from “chance seedlings.” He 
considered that the Japanese Natsudaidai, which 
he held to be a good species (C. natsudaidai 
Hayata), was “unquestionably a chance seedlin 
originated at Hagi in Yamaguchi Prefecture.” He 
also considered the satsuma orange to be “botan- 
ically a good species, Citrus sinha Marc.,” that 
had originated some centuries earlier in western 
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Japan as a chance seedling of one of the famous 
oranges of Hwangyen, Chekiang Province, China. 
In discussing the cultivated Ichang lemon (prob- 
ably a hybrid of the Ichang papeda, C. ichangen- 
sis Swing., with some other species of Citrus 
grown in central China (see pp. 390-92)), which 
he named C. wilsonii (1932b, p. 37). Tanaka 
stated: “The present species unquestionably has 
Citrus junos in one parent and seems to be a 
cultigen originated through the chance sere 
There is no proof, however, that any one of the 
chance seedlings discovered and propagated by 
man as cultigens could have persisted and be- 
come established as a wild species. 

The taxonomic delimitation of species, sub- 
species, and forms in Citrus and closely related 
genera is complicated by three peculiarities in 
the reproduction of citrus fruit trees: (1) poly- 
embryony through formation of nucellar-bud em- 
bryos, (2) rejuvenation by neophyosis of such 
nucellar-bud embryos of more or less senescent 
varieties long propagated asexually, and (3) the 
spontaneous leery of autotetraploid forms. 

Hybrids of Citrus, both intergeneric and 
intrageneric, are frequently egg-sterile; yet, when 
pollinated, they often set seeds. These seeds are 
devoid of sexually derived zygotic embryos (“ga- 
metic” embryos of some authors), but contain 
one or more embryos within the embryo sac 
apomictically produced by ingrowing buds aris- 
ing from the adjoining undifferentiated nucellar 
tissue of the female parent. This phenomenon 
was first described by Strasburger (1878) and 
later was discussed by Frost (1926) and Traub 
(1936). Such nucellar-bud seedlings reproduce 
the mother plant exactly, so that many violent 
F, Citrus hybrids, such as citranges (C. sinensis 
xX Poncirus trifoliata) and tangelos (C. paradisi 
x C. reticulata), reproduce perfectly from seeds 
and sometimes are grown on a large scale. Taxo- 
nomists have aa such egg-sterile hybrids to 
be confusing, since they do not show the usual 
wide variation in the second generation charac- 
teristic of normal F, seedlings but behave like 
very constant true species. 

In many species of Citrus, such nucellar 
embryos may occur together with the zygotic 


20 The fifteen “primary elements” of the genera Citrus, Poncirus, and Fortunella given by Tanaka (1935b) are 
as follows: (1) Citrus macroptera Mont., (2) C. hystrix DC., (3) C. aurantifolia Swingle, (4) C. medica Linn., (5) C. limon 
Burm. f., (6) C. limonia Osbeck, (7) C. grandis Osbeck, (8) C. aurantium Linn., (9) C. sinensis Osbeck, (10) C. junos Sieb. 
ex Tanaka, (11) C. ichangensis Swingle, (12) C. tachibana Tanaka, (13) C. depressa Hayata, (14) Poncirus trifoliata Raf., 


(15) Fortunella japonica Swingle. 
21 Tanaka’s translation. 
22 All species are in fact compatible. 
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embryo. In such cases, the zygotic embryo may 
produce a plant that varies somewhat in its char- 
acters from the mother plant, whereas the nu- 
cellar embryos reproduce the mother variety 
almost exactly. Nucellar-bud seedlings as well as 
sexual seedlings apparently restore the variety to 
its primitive or juvenile condition, because such 
plants not only develop spines abundantly but 
show greater energy of growth and greater hardi- 
ness and sometimes produce somewhat larger or 
otherwise superior fruit. Two nucellar strains 
of a well-known mandarin orange (Dancy tan- 
gerine) were named the Weshart and Trimble 
tangerines by Webber and Swingle (1905, pp. 
238-40 and pls. 20-22). The Silverhill satsuma 
is another striking example of a nucellar seed- 
ling of the Owari satsuma (see Swingle, 1931). 

Similar rejuvenation of nucellar seedlings 
was observed in experimental work with the 
Washington navel orange where there could be 
no confusion between the zygotic and the nucel- 
lar embryos arising from the same seed, since 
the zygotic embryos were citranges obtained 
through pollinations with Poncirus trifoliata. This 
rejuvenation of the old cultivated varieties of 
Citrus has been called neophyosis (see Swingle, 
1932, 1933). Nucellar strains of old varieties re- 
juvenated through neophyosis might easily be mis- 
taken for taxonomically distinct varieties or even 
subspecies, because of their vigorous growth, 
their large leaves and fruit, and their luxuriant 
development of spines which are often lacking 
on varieties long propagated vegetatively. 

Finally, thick-leaved seedlings of several 
species of Citrus were found by Frost (1925, 
1926) to be autotetraploid forms of the parent 
species; the fruits have a thicker rind with 
larger oil glands, are usually more depressed- 
globose, and have less juice, and more and larger 
seeds than the diploid parental species from 
which they originated. 

As a matter of fact, from the standpoint 
of phylogenetic taxonomy, which records the 
evolutionary descent of natural wild species, only 
Tanaka’s “primary elements or species” deserve 
consideration as true species; chance drat 
mutations, and hybrids, propagated usually by 
grafting, should be given a status similar to culti- 
gens of apple or rose varieties that no taxonomist 
of standing has proposed to name as good species, 
although they often exhibit important differences 
in flowers or fruits or other organs as well. 

Once this nomenclatorial confusion is 
cleared up, Tanaka’s studies of the myriad culti- 
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vated races of Citrus and Fortunella in the Far 
East will be appreciated at its full value and he 
will receive recognition as having greatly ad- 
vanced the study and classification of citrus 
fruits. This task can then be carried on without 
upsetting the scientific taxonomy of Citrus and 
Fortunella, which is based on the native wild 
species originally propagated spontaneously from 
seed without human help. 

A. E. Kozhin, the well-known Russian ci- 
trologist, published a notable paper on the citrus 
fruit (1931) in which he gave particular attention 
to the very extensive literature on the subject and 
to the taxonomic history of Citrus and the genera 
most closely related to it. He strongly objected 
to the practice of considering “garden species” as 
species in the taxonomic sense. He contrasted 
such false species, some of them seedless and 
unable to live at all without man’s help and most 
of them propagated by clones, with true species. 
He said in part: “... a Linnean species is a whole 
system of elementary forms which, continually 
crossing with one another, keep within the limits 
of definite specific characters. In drawing up such 
a system of forms, the geographic moment, i.e., 
the conditions of habitat, play an important role 
... From this point of view the attempt to intro- 
duce into the system as equivalent members (as 
has been done by Tanaka), the wide-compassed 
Linnean species and such narrow forms as garden 
species, frequently seedless ones, is a failure.” 

More recently Stebbins (1950) discussed 
the species concept in agamic complexes, and 
stated that “. . . the species concept . . . main- 
tained by the majority of those who desire a 
truly biological concept of species, centers about 
the possibility for exchange of genes between 
members of the same species and separation 
of different species by barriers to the exchange of 
genes. .. . Such a concept cannot be applied to 
agamic complexes. Free exchange of genes be- 
tween apomicts is prevented by the very nature 
of their type of reproduction, while the origin of 
many apomictic clones is from genotypes which 
have combined the genes of previously isolated 
sexual species, and which without apomixis would 
not be able to persist because of their sexual 
sterility. It is not strange, therefore, that system- 
atists have not been able to agree on the boun- 
daries of species in . . . [apomictic genera].” 
Stebbins continued: “In attempting to set up 
species like those in sexual groups, they are 
looking for entities which in the biological sense 
are not there. Nor are those ‘splitters’ who make 
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a separate species out of every apomictic clone 
. .. likely to provide any better concepts of the 
variation patterns in the genera concerned. .. . 
One criticism is that the number of apomicts in 
any well-developed complex is so large that 
recognizing them as separate species makes the 
comprehension of the group as a whole difficult 
or impossible; one cannot see the forest for the 
trees! But more important is the fact that in many 
complexes the great majority of the apomicts, 
and in nearly all complexes at least some of them, 
are only partly or facultatively apomictic. From 
time to time they reproduce sexually, and on 
such occasions a whole series of new clones, or 
‘species’, may arise in the offspring of a single 
individual.” Once “splitting” is begun on the basis 
of fruit characters or small detail, it would be 
possible to justify thousands of species in the 
genus Citrus. Furthermore, this number would 
be constantly augmented by additional “species” 
as the citrus breeder produces new apomictic 
hybrids each year. As Lawrence (1951) has 
pointed out, the presence of apomixis makes pos- 
sible the survival of hybrids that would otherwise 
be eliminated under natural conditions by their 
sterility. Lawrence stated, “The perpetuation of 
these apomictic hybrids has resulted in some 
descriptive taxonomists treating each biotype as 
a morphologically distinct and seed producing 
species.” 

Two major systems of citrus taxonomy and 
nomenclature have developed. Swingle’s system 
is presented here. The other is the system pro- 
posed by Tyézaburé Tanaka (1927c, 1935a, 1954, 
and 1961), and supported by Yuichiré Tanaka 
(1948). Each taxonomic treatment is based upon 
years of research and study by very competent 
men of widely divergent te ata 

Swingle began the first known attempts at 
artificial hybridization of citrus in 1893. His ex- 
perience as a citrus breeder and his observations 
of large san populations produced by con- 
trolled cross-pollination lead to the development 
of his system of classification. He assembled an 
extensive collection of Citrus material for study 
upon which he based this system. 

Reece, the junior author, who was given 
the task of ieee this chapter for this then 
of The Citrus Industry, makes no pretense of 
competence in the field of taxonomy. On the 
other hand, he has devoted many years to Citrus 
breeding. He considers that Swingle’s system 
comes closest to the truth of Citrus taxonomy, 
and he cannot accept the Tanaka system with its 
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excessive splitting. 

In following up his interest in Citrus tax- 
onomy, Tanaka has traveled widely and observed 
a wide range of citrus. He is familiar with both 
the original literature and herbarium material. 
Swingle and Tanaka became associated and col- 
laborated together at various times between 1915 
and 1930 in this country and Japan. Neverthe- 
less, their divergent viewpoints are apparent in 
their systems and conclusions. Their disagree- 
ment is confined principally to the species prob- 
lem in the genus Citrus. 

Although Tanaka in 1935 recognized only 
fifteen primary species in Citrus, Poncirus and 
Fortunella, he also stated, in an English sum- 
mary of a Japanese paper (Tanaka, 19354): “The 
author [Tanaka] enumerated 74 species as such 
well-established species of Citrus, Fortunella and 
Poncirus in the present paper, but the mobiliza- 
tion of all species from various Citrus districts is 
now on the way of progress.” In a later paper 
(1937), he listed no fewer than four additional 
“species” of Lushington (published in 1910) and 
described six new species himself, as well as four 
new varieties, all from India. In several papers 
since 1935, he mentioned en passant many other 
new species or varieties without describing them. 
This brought the total to about 100, but the end 
was by no means in sight. 

Tanaka (1954) established the foundation 
for his classification system with the publication 
of Species Problem in Citrus. In that work, he 
classified the forms of Citrus into two subgenera, 
eight sections, thirteen subsections, eight groups, 
two subgroups, two microgroups, and 145 species. 
Seven years later (Tanaka, 1961), his system was 
expanded to include two new subsections, Euli- 
monellus and Megacarpa, one new group, Parano- 
bilis, and twelve new species. Further refinements 
have continued, however, and a classification 
chart sent by Tanaka to some of his colleagues 
in 1966 contains five new subsections and includes 
159 species. In contrast to the Tanaka system, the 
Swingle classification recognizes two subgenera: 
the subgenus Papeda containing six species, and 
the subgenus Citrus (formerly Eucitrus) with ten 
species. A comparison of the major classification 
systems of the genus Citrus is presented in table 
3-3. Systematics are given for the Tanaka classi- 
fication of 1961, which contained 157 species, and 
the Swingle classification of 1943 followed in this 
chapter. In addition, the table includes columns 
for species recognized by the pre-Englerian, En- 
glerian, and early Swingle and Tanaka systems. 
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Tanaka recognizes thirty-five species of 
mandarins. In some cases the only distinguishing 
character in his key is leaf size or fruit size. Any- 
one famliar with Citrus production knows that 
size is easily influenced by rootstock, soil, amount 
of moisture, fertilization, and weather conditions 
prevailing during development of a particular 
flush of growth. 

Tanaka's arguments for granting species 
rank to some of the mandarins are interesting 
and often quite unique. In regard to making the 
satsuma a separate species from Citrus reticu- 
lata, he says: “Pulp qualities are . . . the real 
object of human interest to consume the fruit. 
The public knows more about such specific dis- 
tinction than a few technicians because they 
consume more. To the Japanese, who eat 500,000 
tons of satsuma fruit a year, they would never 
believe it to be a mere variety or clone of either 
the Ponkan (C. reticulata) or Kunenbo (C. no- 
bilis), as is true to Americans not admitting the 
eeperult as a variety of the pummelo (Shad- 
dock). It is a human belief and science should 
endorse it.” (See Tanaka, 1954, pp. 20-21.) 

In support of his argument that the 
Ponkan, the Dancy tangerine, and the C. crena- 
tifolia of Lushington are separate species and 
not varieties of C. reticulata, he comments that 
“if these three should belong to a single species, 
350,000,000 Indian people would not believe in 
science.” However, the objective of science is to 
seek the truth rather than the support of human 


beliefs. Nevertheless, few biologists doubt that 


new species can result from hybridization, but 
the new species should be able to perpetuate 
itself by sexual methods. It should not be de- 
pendent upon man for some type of vegetative 

ropagation. For this reason a number of Tana- 
bats “species” are not considered valid by the 
authors. Furr and Reece (1946) found “Citrus 
temple and C. clementina of Tanaka” unable to 
reproduce their type even by nucellar embryony 
because nearly all embryos are zygotic. Reece 
and Childs (1962) in a study of a seedling popu- 
lation of Persian lime (C. latifolia Tanaka) have 
shown that this variety is apparently a hybrid 
between a seedy lime (C. aurantifolia Swing.) 
and citron as the other parent. If, indeed, a seedy 
lime and a citron were the parents of the Persian 
lime, the appearance of the many lemon types of 
seedlings in the population supports Swingle’s 
hypothesis that the lemon may be of “hybrid 
origin, perhaps having the citron and the lime 
for parent species.” 
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Santiago (1962), in a guide to Malayan 
nomenclature of citrus species, followed Swin- 
gle’s system of classification with a few excep- 
tions. Bhattacharya and Dutta (1956), in their 
comprehensive monograph on the citrus fruits 
of Assam, followed sho ah system in a general 
way, but accept C. nobilis Lour., C. karna Raf., 
C. limetta (Risso) Lush., C. jambhiri Lush., and 
C. megaloxycarpa Lush., five species of the Ta- 
naka system that were not accepted by Swingle. 
They find the nomenclature of one of these Ta- 
naka species invalid (C. pennivesiculata Tanaka 
= C. megaloxycarpa Lush.), and they name one 
new species found in Assam (C. assamensis Dutta 
and Bhattacharya, sp. nov.). This is known as 
ada-jamir or the ginger citrus of India because 
people consider its aroma similar to that of 
ginger. It is taxonomically close to C. hystrix 
DC., but differs from it to an extent considered 
sufficient by these authors to deserve a separate 
rank. 

Several other systems of citrus classifica- 
tion have been put forward by various authors. 
Perhaps the one that has received the least 
attention by contemporary students of Citrus 
taxonomy is the system all dea by Marcovitch 
(1926), which bases classification on leaf and 
flower characteristics only. ; 

Wolfe (1959) has criticized both Swingle’s 
conservatism and Tanaka’s system with its exces- 
sive splitting. He takes an intermediate position 
and recognizes eleven species not considered 
valid by Swingle and Reece. These species are 
indicated in table 3-3 (see footnote). The authors’ 
reasons for their rejection of these species are 
stated elsewhere in the text under the discussion 
of the several forms whose taxonomic rank is in 
dispute. 

The late R. W. Hodgson made two trips to 
the Orient and studied the principal Citrus col- 
lections in India for nearly a year. He also studied 
a large number of Citrus introductions from many 
parts of the world. He worked in close associa- 
tion with Tanaka for nearly a year when Tanaka 
was in the United States as a Fulbright research 
scholar. Hodgson (1961; Hodgson, Singh, and 
Singh, 1963a, 1963b, and 1963c) published his 
nomenclature of Citrus which recognized twenty- 
three Citrus species of Tanaka’s system. Swingle’s 
treatment was criticized by Hodgson on the basis 
that it denies species standing to ancient, well- 
known, distinctive forms of economic importance. 
However, such criteria are not sound reasons 

(Text resumes on page 368) 


THE CITRUS INDUSTRY 


364 


Ossly Dsospyau 
"0g 9 OSSIY D}UsN} 
‘VY Y BING sfsuauvssp§ 
‘din ], 9 ‘yW0g 0u13070q 
‘JOY DUsDYS, 
"ysn’] eresces: 
‘ysseyy ssusofpshd 


Subsection 
Decumanoides 


Ossiy 0779tUI7§ 
"ysn’y paryquinlt .§ mryquint 
vyeuey “x Naha 
YIGsQ DuowH, mucous SISUIJID] Druoulsy 
eyeury uowyopnasd 
eyeue yy uowpaduoy 
"J ‘uLIng vows) uous] uouty uous) uotut) 


Subgenus Archicitrus 


Section Citrophorumn 


ByeuL yy 02010 
eyeur] pupu 
19]S3 44, DJD40PO 
"Ysn’] DoIpamuyuowy] 
"| poipau Doipartu Daipaw Doipau paApanu pnpou 


vyeuLN lL DynpNoIsvaruuad , 
"Od  OSSIY DIWDI4aq, munds39q mupds39g 
eyeuv yp odjndophy 
19959,\4 Duidsiduoy 
193s9 44 Dy Aydosovu , 
Byeueyl SIsuIODaNp 
JISOA\ DSpooxa 
vYLUR] DuDjUuOUE 
JOsaA\ MIaqqam 
19}89, 44 unuowlopnasd 
"yssUp] ssaaqo 
"¥SSUY DIDAO 
‘yssep DApdod 
awIn|g Datupanl 


, Subsection Subsection 
secti Me 
Subsection: Megacarpe Citroides Limonoides 


Section Limonellus 


eyeuey 10f110), 
ByeueLl saproyjyjouiy, 
“‘SuIMsg n1oftyupanp myofiyupsnn pyofizupsno pyofiyunsnp 


Subsection 
Eulimon- 
ellus 


eyvury sadiyny sadin} sadijm 


eycury duojosusjoq 
BYBUL] sisuazoyoq 
vyeuey nsajsam 
JaYSIAA BYTIMYINOS 
"‘plooy 991qa1a2 


Section 
Papedo 
citrus 


fty2Imyynos “IVA DIGa1a9 
DoVqajaa 


pdsp20s91us 
"IBA DYJUDSIIUL 
Dyn. 
.puqdy vsajdos20us stsuaijia 
sjsuauDuUD 
"rea vsajdosoou DSDQUuIOD 
tlusay “rea Dsaj3dosspUu 
‘yuojy vaazdosonw psajdoso0us psajdoss0u 
‘OC xMishy | xyayshy mapshy sims 


, uyshy xyaishy xpshy 
( 196T ) (€¥6T ) (1¥-¥261) (F161) (9681) uBLa[suq 
j SABUTIysAG Byer], sogewaysks afZuims vyeur asus wsuq ~a1g 


eSAHLIO SANAD AHL JO SWALSAS NOLLVOLAISSVIO HOIVIN JO NOSIUVWdNWOO 
CE FIFVFL 


Google 


JOSI AA DYJUDsIIUL 


vycur yl S3S8U31 730 


Section Papeda 


Subgenus Papeda 


Section Papeda 


"Jey Danquios, 


wxUB], Hay 








365 


Section Aurantium 


Section Cephalocitrus 


BOTANY OF CITRUS 


vyeury Xa “YoY swpuvsdouss 
vyvury xo “Wor of} 

vyeuvy] “} Xo ‘WOH oyoppun{ 
vyeury “f Xo “Woy Mduojqo 
vyvury ‘xo “WOH ajdusaz 
vyeue lL upyun} 


YDIQSO stsuauts sisuauts sisuguts sisuauts 


Subsection 
Sinensioides 


eyeuvy “Xo “WOR 07pjnd1j0ud9 


Group 
Contracta 


vyeuey sisuansnquoh 
yey oyofishu, 
vyeuey “Xx x9 ‘WOH nsyodnyos 
eyeueyl “x xa ‘WOR punjodspsapow, 
"TJ wniupsno wnijuDsnD wint,UDIND unijzuDsnD wnizupsnD winszuDinD 


Subsection Aurantioides 


Group 
Racemosa 


VALU] SisuajowOons 
vycueL stopidpdopnasd 
oourlg stumpdod 
EpLUTYS Y BYLUR] DIIUDMID} .puqdy wntzupsno,, paiupmin} 
vyvuey “x x9 “woRy muhuoup 
1aysoy4 Apsppiu 
eyeur] Xa “WOH nspyausy 
TYStyeyVy, X9 “WOP] DpDI]nNs 
eyeuey, “4 Xo “Wor tynqouvh 
vyeur | Xo ‘HOH paanjnduip 
vycuey Xo ‘WOH vsopnans, 
Iyseyeye] X92 "WOE Daproaogo 
LYBURL *{ Xo “MOP] VuDG}YyI070 
eyeuey Xa ‘Wop upyohy-adnh 
wedtyy ippwpnsyput, 
vyeUB] X9 “WOR Dsogojdospaus 


3 
E: 
= 

ie) 

° 
ce 
2 

zB 
2 
os 

i?) 

® 

nh 
me) 
= 
N 


vyeURY xa "WOH nduay 
vyeuRL ‘A Xa "WOP] upyomy 
eYLUL] X9 “YOR nypssoy 
wekey] uDyoj0y 

ByYLUL], Xa “WOH] uDyYyDsD 
ByeUL | X9 "HOP Mpatusazut 


Subgenus Citrus 


ByeuL], xd ‘WOR vopIuvsnD 
eyeury “Xf Xa "HOP nupynsyus 
vyvur yy *A Xa “UWOP] 1ypsv-ps0} 

ByeUB] “A Xo WOR] ozuDy!wo 
ByeUuB] “A Xa “WOR wtposndopnasd 


Subsection Intermedia 


eyeuey *X Xa ‘WOE pupwsysoss 
eyeuRy X9 “WOH viuis9qD) 
ByBuB] xo “wo vdsp2}any 
"Jou ts1posnd tsippspd tsiposod 





TBATYS Xa "WO jndpndopnasd 
vyvuey Xa “WOR] uogozins 
vyeue | xo “WOR sypuvsdopnasd 
vyeue] xo “WORT 0ypI2unsy 
eyeury unqnupd 

Yoqso sspunss stpupsd sipunsd sipupsd pupwinzap 


Decumana 
Google 


Subsection 





vyeue yl a0.np 
vyeUR] UOUsOsIDIE 
wyeuB] t7yDqQups 
OSSIYy jossys 

OSsIyy DjDsnD 

OssIy Dyja4ad 


Subsection 
Decumanoides 


THE CITRUS INDUSTRY 


366 





BysUR], DOFpuy ed i Dospur 
JBITYS Xo “WOH, Vayps0} 
ByBULy Xa ‘OL pyuns-opnasd 
WyAVUB YL X2 “WOH juysas}, 
BYBUBL Xa "WOH syunst, 
wyeuE] Xa "WOH pds0902;0 
ByeuLy xo ‘wor syuod 
BYBUB] XI “YWOP] puNyOUsy 
ByeUuL] xa “WORT vsosyphsa 
ByvUR] DUDgIYyID) 






Subgroup 
Microgroup Angustifolia 






DLIISND ‘IVA DIDINIIIs pyuns 






DUDgIYyID} DUDGIY ID} 








wyeUEL Xa “WOH; DsoDINs 
Bywuey x9 “WO,] DustupwAymd 
BYVUB] XI "WOH uDyoysuad 
BYBUL] X92 “WOH rosafipsv} 
BYVUB] X92 “WOH Duyss}apns 
BYBUL] x9 ‘WOH sfoysuaq 
BYBUB] XF “WOH DujjuaWUI9 
“YSN’] 9470f;;DUas9 
ByeuB] x3 ‘OLY vuyadunjpsod 
BABUB] Xa "WOH] Dussadun7t , 
ByVUB] Xa “WOH sjsuainyns 
"Ua lL, Dsojzy ap}. 
OOUETG 990)NII}04 






Group Citriodora 






Subsection Microacrumen 






Section Acrumen 






Subgroup Megacarpa 






psojoyap | oso1njap ‘eA 
DIDINIjas DIDINDN4IAS Siqou 








vyvuey x9 “WoH] Dsodns-opnyfuy 
Byvuvy '% xa ‘wor OAposD} 
ByeuL] ‘X X29 ‘WOPY 070 
vyeuLy xa “yor t/osay 


Subgenus Citrus ( Cont.) 


Subgenus Metacitrus 


P 
ora 






Grou 
Anisod 








vyruvy] Xa ‘WOH o4pysnszoh 
"DIBY Neysunt, 
ano] 5171q0U§}, 


DUO]D DIDNT, niysun | ngysun “sea 
.pugdy,, Sifiqou sipiqou syiqou siyiqou 





Subsection 


Euacrumen 








vyeuey puvasoyoddyu 








BYCUB] Xo “YOR oynh 
PALUNT, A Xa “WOR, unyzunsnv-opnasd 
RYRUR] x9 “YOR Deus 
ByCuRL “A Xo “WOH nzpy 
vyrur], xo “WOR sy2vpns-punyn} 
WIIYS XO “WOH syoopns 
IBYS XO WORT nloupy 
_ vyrue ly suospny 
‘BUMS sjsuadupyn 
nyeuE] x9 ‘qa{g sounlt , 






Section Osmocitrus 








.PHQAY sipups3-du0y0,, 
ssuaduoyr 
.puqsy psaysnp-dumyot,, 


Nuosin 
sisuasunyn sisugsunyn 
soun! 





Section 
Papedocitrus 
(Cont. ) 









RYAVULL Xo “ORY upyoyunys 





eYBUB], Xo ‘WORT Dasnp 


Group 
pacta 





VYLUP] XO “WOR, Nupsntuy) 
vynuvy Na “ywopy nsyynin 
nyvur L ppydsnj-033) 


Aurantium ( Cont. ) 


Archicitrus (Cont. ) 
Subsection Osmocitriodes | Subsection Euosmocitrus| Pseudo- 


Group 
Tenui- 


carpa 


























uv surg 
“dd 


(9681) 
Jopsauyq 


(FIG) 
oysurns 


(I}-¥c61) 
vyeur,L 


(€FBT) 
SOTYEWIIISAG OPAULWG 


(T96T ) 
SOPWIYSAG VYEULT, 


(quer) EE A1qeL 


Google 


367 


BOTANY OF CITRUS 


"3iqey Sty) UT SONvUIAysAS SIY UT apEUT st aBuUeYD OU aOJaIayQ pue xyaid -nq ay) asn 0} 
panuguoo sey wyeuey ‘waysds uONToYISsrD Ss a[JULMg JO UOTSTAa ay) UT 3[qQu) SRY UT pue Jaydeyo ayy ynoysnomy payeurumja useq sey snus’ ¥ JO UOISIA 
-Ipqns 1ayZty & 0) payorye aaym -nq xyord aya ‘1Z PPry ‘(T96T ‘Mnolue]) ainjgrpuauION jeoturjog jo apod feuONeUIaqU] oy) WLM sourpslooor ult 

(§) eng pue edreyoeneyg Aq pure ‘(}) poxreur ayfony Aq “(,) Poyreut uosspoy Aq pea pazepisuoo ‘aj3urmg Aq paydaooe you ‘sarads , 


‘INO'] stsuasnpyw f , .PUqAY 13707NI1304,, Sjsuasnpow Situs 


Section 
Pseudofortunella 





vyeuey sisuguourpy 
eyeue lL 
xa "WoR spuuofapajssadoohy 
asyo(y pdupshiquip 
ByeuR] Xa ‘WOR Dpywny 
nyrury xa “wor pds0I9049] 
meduy nssasdap .puqay,, pssasdap 


Microcarpa 
Microgroup Latifolia 


Google 


368 


for species standing if they are apomictic and 
show evidence of their hybrid nature.. It is true 
that Swingle’s treatment may involve speculation 
concerning the probable parentage and even 
error in proper placing of the form in the attempt 
to arrive at a natural system of classification. 
However, if they are made in an attempt to 
understand the natural relationships of biological 
organisms, do such errors merit greater censor- 
ship than a more artificial system that names as 
species forms that are known or probable hy- 
brids, obvious apomicts, or horticultural forms 
that can only be perpetuated by vegetative propa- 
gation? 

Distinctive or easily recognized form is 
not an adequate reason for naming species. The 
situation in Citrus is somewhat analogous to the 
situation in Canis domesticus so well expressed 
by Dobzhansky (1955): “The longer a species has 
been domesticated the more numerous and more 
diversified are its domestic varieties. Thus the 
dog is the most ancient domestic animal, and has 
produced the largest number of breeds. Further- 
more, some dog breeds differ so much in appear- 
ance, as well as in temperament and behavior, 
that it is hard to believe that they all belong to 
the same species. Compare the little Chihuahua 
with a Great Dane; or an ebullient Fox Terrier 
with a stolid Saint Bernard. Nevertheless, all 
these breeds do belong to one species, since they 
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are capable of exchanging genes, and often do 
so, either directly by occasional hybridization, or 
via the intermediate breeds where crossing is im- 
possible because of extreme difference in size. 
The dog species has a common gene pool, sub- 
divided, to be sure, into the gene pool of the 
various breeds.” Zoological taxonomists consider 
that those distinctive forms are “cultivated va- 
rieties” not different species. Certainly the related 
forms or “breeds” of citrus (the species of Ta- 
naka) have a common gene pool since they can 
and do exchange genes through hybridization. 
The study of D. Singh, and C. A. Schroeder 
(1962) on the taxonomic and physiological rela- 
tionships of the so-called mandarin-lime group of 
Citrus caused them to conclude: “. . . the so-called 
mandarin-lime of Citrus is a misnomer in that 
lime parentage is not indicated. The possibility 
of mandarin-rough lemon parentage is a le 
They contend that the binomial Citrus limonia 
Osbeck should be employed as a species designa- 
tion for members of this group. Determination of 
the actual parentage of this group is not easy 
to establish, but hybrid origin is not only pos- 
sible, but highly probable. Apomixis strengthens 
this probability. The percent of polyembryomy 
in germinated seeds does not, however, indicate 
the degree of apomixis in these varieties. It only 
indicates the number of seeds in which two or 
more embryos were of sufficient size and strength 


Table 3-4 
FLAVONOIDS IN FRUITS OF CITRUS, PONCIRUS, AND FORTUNELLA SPECIES 


Common Name 


Genus and Species 


Flavonoids and 
Flavonoid Glucosides Found ® 


Bitter Orange Citrus aurantium 1, 2, 3, 10, 26, 29, 30 
Calamondin Probable hybrid (C. reticulata var. austera X Fortunella sp ?) 1, 31, 32 

Citron Citrus medica 1,9 

Grapefruit Citrus paradisi 1, 2, 3, 4, 5, 6, 10, 27 
Kumquat Fortunella species 12 

Lemon Citrus limon 1, 7, 9, 11, 14, 15, 17, 18, 19, 20, 21 
Mandarin Citrus reticulata 1, 24, 25 

Ponderosa Lemon Probable hybrid (C. limon x C. medica ?) 2,8 

Pummelo Citrus grandis 3 

Satsumelo Hybrid (C. reticulata x C. paradisi) 16 

Sudachi Probable hybrid (C. ichangensis X C. reticulata ?) 22, 23 

Sweet Orange Citrus sinensis 1, 4, 6, 13, 27, 28 
Trifoliate Orange = Poncirus trifoliata 2, 3,5 


Source: Adapted from The Orange (Sinclair, 1961), table 124 in Chapter 11, “The Citrus Flavonoids,” by R. M. 


Horowitz, and revised by R. M. Horowitz in 1965. 


* The numbers refer to compounds as follows: 1 = hesperidin, 2 = neohesperidin, 3 = naringin, 4 = naringenin 
rutinoside, 5 = poncirin, 6 = isosakuranetin rutinoside, 7 = eriocitrin, 8 = citronin, 9 = diosmin, 10 = rhoifolin, 
11 = apigenin glycoside, 12 = fortunellin, 13 = vitexin, 14 = luteolin glycoside, 15 = chrysoeriol glycoside, 16 = 
rutin, 17 = quercetin glycoside, 18 = isorhamnetin glycoside, 19 = limocitrin glucoside, 20 = limocitrol glucoside, 
21 = isolimocitrol glucoside, 22 = sudachitin, 23 = 3’-demethoxysudachitin, 24 = tangeritin, 25 = nobiletin, 26 = 
auranetin, 27 = 3, 5, 6, 7, 8, 3’, 4’-heptamethoxyflavone, 29 = 5-hydroxyauranetin, 30 = 5-O-desmethylnobiletin, 


31 = citromitin, 32 = 5-O-desmethylcitromitin. 
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to emerge on germination and single embryos are 
also of apomictic origin in many instances. On 
the basis of probable hybridity and apomixis, the 
binomial of Citrus limonia as a species designa- 
tion for this group is denied. 

The choice as to which of these taxonomic 
systems to follow will depend upon the personal 
viewpoint of the student of citrus. The biological 
facts in the case will not be altered by arguments 
for or against either system. However, serious 
difficulties arise when taxonomists rank apomic- 
tically perpetuated biotypes with sexual species 
as Heslop-Harrison (1956) has pointed out. Some 
taxonomists following. such methods have de- 
scribed as speciés over 1,100 forms in the haw- 
thorn genus, Crataegus, over 4,000 in the black- 
berry genus, Rubus, and over 10,000 in the 
hawkweed genus, Hieracium. It. would be a 
simple matter to embark upon a similar path 
and describe an astounding number of Citrus 
“species, but the multitude of binomials, un- 
necessarily complicated keys, and cumbersome 
system of nomenclature would make the com- 
prehension of the group difficult indeed. 

In the two decades since World War II, 
truly remarkable progress has been made in 
describing the chemical constituents in citrus 
tissue. Because of their great economic impor- 
tance and adaptability to industrialization, the 
common citrus fruits have been the subject of 
more intensive biochemical investigations than 
perhaps any other horticultural crop. As a result, 
hundreds of compounds, particularly those found 
in fruits and sped. have been isolated, identified, 
and in many cases assayed (Braverman, 1949; 
Bartholomew and Sinclair, 1941; Sinclair, 1961; 
U.S. Dept. of Agriculture, 1962). More recently 
such research has been extended to citrus varie- 
ties and species of little or no economic impor- 
tance and also to some of the near relatives of 
citrus. 

The material summarized in table 34 
provides an example of this type of research and 
indicates the great variety of flavonoids found in 
the genus Citrus and some relatives. Similar re- 
search is in progress on essential oils (U.S. Dept. 
of Agriculture, 1962; Stanley, 1963a; Scora, 1966; 
Scora, et al., 1966; Scora and Newman, 1967; Scora 
and Torrisi, 1966), coumarins (Stanley, 1963b), 
carotenoids (Yokoyama and White, 1965), limo- 
noids (Dreyer, 1965), and other compounds found 
in leaves, fruits, or seeds of the Rutaceae family. 

In time the pattern of distribution of some 
of these compounds may prove to be distinctive 
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within certain genera, species, or other group- 
ings. Such chemotaxonomic considerations, when 
added to the classic morphologic and cytoge- 
netic bases of classification, should contribute 
toward a more penetrating insight into the spe- 
cies problem of citrus. 

A key to the subgenera and species of 
Citrus is presented on page 370. 


Subgenus Citrus | 


Subgenus Eucitrus Swing. in Webber & 
Batchelor, Citrus Indus. 1:395. 1943. 

Pulp-vesicles with few and minute, or sometimes 
no, oil droplets (never containing acrid oil); petioles wing- 
less or narrowly winged, or, if broadly winged, then never 
% as broad as the leaf blades; flowers large and fragrant; 
stamens cohering in bundles. 

The genus Citrus is divided into two very 
distinct subgenera, Citrus and Papeda, easily 
distinguished by leaf, flower, and fruit charac- 
ters. The subgenus Citrus includes all the com- 
monly cultivated species of Citrus, all of which 
have pulp-vesicles filled with pleasantly acid, 
subacid, or sweet juice, free, or almost free, from 
droplets of oil. On the contrary, none of the spe- 
cies of Citrus belonging to the subgenus Papeda 
have edible fruits, as the pulp-vesicles have dense 
aggregations of droplets of acrid oil that form an 
axile column and usually give the juice a very 
disagreeable, acrid, bitterish flavor. 

In the course of a comparative study of 
the vascular traces of the flowers of all obtainable 
genera of the orange subfamily, Tillson (1938, 
pp. 21 and 30; also Tillson and Bamford, 1938, 
pp. 788 and 790) brought to light a striking dif- 
ference between the species of Citrus belonging 
to the subgenus Citrus and those classed here in 
the subgenus Papeda. The commonly cultivated 
Ss of Citrus, the sweet orange, the mandarin, 

e grapefruit, the lime, and the lemon, all be- 
longing to the subgenus Citrus, show “not only 
fusion of the sepal midrib with the lateral petal 
bundles [as is usual in the tribe Citreae], but 
also fusion of the lateral sepal bundles with the 
petal midrib. When the petal midrib reaches its 
position beneath the petal base, one or more 
branches from it continue into the base of the © 
calyx, forming the lateral sepal bundles.” On 
the contrary, Tillson found that the species of 
Citrus belonging to the subgenus Papeda showed 
no fusion of the lateral sepal bundles with the 
petal midrib (this was true even of C. ichangensis, 
which differs from the other species of the sub- 
genus Papeda in having large flowers, much like 
those of the species of the subgenus Citrus). In 
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this character of its floral anatomy the subgenus 
Citrus differs not only from the subgenus Papeda, 
but also from all the other genera, Fortunella, 
Eremocitrus, Poncirus, Clymenia, and Microcit- 
rus, all closely related to Citrus, that comprise 
the True Citrus Fruit Trees. 

1, Citrus medica L. Sp. Pl. 2:782. 1753. 
Citrus tuberosa Mill. Gard. Dict. ed. 8. 1768; 
C. odorata Roussel, Fl. Calvados 194. 1796; C. 
fragrans Salisb. 1796; C. cedra Link, 1831; C. ce- 
dratus Raf. 1838; C. crassa Hassk. 1844. Illus. 
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Risso & Poiteau, Hist. Nat. Orang. pls. 96, 97, 99, 
100 (all col.). 1818-1822; Bentley & Trimen, Med. 
Pl. 1: pl. 53 (col.). 1880; Swingle, in Bailey, 
Stand. Cycl. Hort. 2:779, fig. 971. 1914; and many 
others. 

Type.—Wanting, but plant seen and studied by 
Linnaeus. 

Distribution —China and India southward; culti- 
vated in many subtropical regions. 

Common name.—Citron. 

A shrub or small tree of irregular habit of growth; 
twigs angled and purplish when young, soon cylindrical, 


KEY TO THE SUBGENERA AND SPECIES OF CITRUS 


A Pulp-vesicles nearly free from oil droplets and never containing acrid oil; petioles with narrow wings or wingless, or, 
if broadly winged, subcordate and never % as broad as the leaf blades; flowers large and fragrant (usually 2.5-4.5 cm 


diam.); stamens cohering in bundles. (Subgenus Citrus) 


B Segments of the fruit few (6-8); fruits 
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ttened, yellow when ripe, juice bitter, making fruit almost inedible; 


petioles short, with very narrow wings; flowers small (about 1.2-1.4 cm diam.) 


10) Tachibana orange, C. tachibana 


BB Segments of the fruit numerous (9-14, rarely 15-18); pulp acid, sweet, or slightly bitter; flowers large (usually 
C 


9:5-4:5 cm: Giam:) *2esdess. ccc cessseeoses eects sane 


C Petioles wingless, joined directly to the leaf blade or imperfectly articulated with it; flowers of two sorts, 


perfect or often male with aborted ovaries; fruits large, with very thick peel. ................ 1) Citron, C. medica 
CC Petioles winged, clearly articulated with the blade. ..................c.ccssscsessssseeseseneseeeeceeeeesssseessaesesesseesseceueseeeeas D 


D Stamens usually more than 4 times the number of petals; flowers of two sorts, perfect or often male 


with abortive ovaries; petioles with very narrow Wings. ................:.scssccseseeseseeetsees 2) Lemon, C. limon 

DD Stamens usually 4 times the number of patale: flowers usually perfect; petioles with narrow or broad 
WATS 5s scdeg cet crss td ccecescd ncasscish ce aeenc tact aug ancassor ede Sacctbe sSaiidegs Snes hanishaigiov eb anauonustaosgiutaneaneteSuechahautescenetie sastecee: E 

E Fruits with loose peel, easily detached from the segments. .................:.::ssssssscssssssesessesesesesestseeaseees F 

F Seeds small, not noticeably flattened, embryo green. ............ 6) Mandarin orange, C. reticulata 

FF Seeds large, roundish, flattened, about 4-\% as thick as long; petioles very short, 4%o—s5 as 

long as the leaf blade, very narrowly winged; leaves caudate.......9) Indian wild orange, C. indica 

EE Fruits with adherent peel; seeds not green within. ....................::cssssssssssssseesssseseeceesescesssessssscesesecenees G 


G Fruits large or very large (usually 10-15 cm diam.) «0.0.0.0... eseesecsececeeeeececeececceeseceeeceeneecee H 
H Fruits very large (usually 11-17 cm diam.); pulp-vesicles large, usually easily separable; 


petioles broad 


winged, subcordate; seeds large, usually flat and yellowish, rough, 


usually with only a single embryo. ...................:::scsssssseseeseseeeeeeereeee 7) Pummelo, C. grandis 
HH Fruits large (9-13 cm diam); pulp-vesicles rather large, coherent; petioles rather broadly 
winged but not subcordate; seeds rather smooth, white, polyembryonic. 


8) Grapefruit, C. paradisi 


GG Fruits medium-sized or small (usually 5-10 cm diam.); pulp-vesicles mutually coherent; peti- 
oles with medium-sized or narrow wings, not subcordate. .................--.-:sssecessseccecseeesseeeeeeeseeee K 

K Fruits small (usually 4-6 cm diam.), ovoid; pulp greenish, usually very acid; peel yellow- 
ish-green; seeds small, smooth, with brownish-red chalazal caps.....3) Lime, C. aurantifolia 

KK Fruits medium-sized (usually 5-9 cm diam.), subglobose; peel bright orange or scarlet- 

L 
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L Peel orange-colored, smooth; pulp sweet, petioles mee winged. 
) 


Sweet orange, C. sinensis 


LL Peel brilliant scarlet-orange, rough; pulp very sour, more or less bitter; petioles 


rather broadly winged. ..............2..2::::sssseeee 4) Sour or Seville orange, C. aurantium 
AA Pulp-vesicles containing numerous droplets of acrid oil; petioles long and very broadly winged, but not cordate, often 
nearly as broad as the leaf blades; stamens usually free. (Subgenus Papeda.) ................-.-::cs::csceeeseseeeeeeeeeseceaseneeeeeeees M 
M Flowers large (1.5-3 cm diam.); stamens cohering in groups. (Section Papedocttrus.) ..................::s:e+ssseeeeeees N 
N Leaves acuminate or caudate; seeds few, large, short, thick, angled. .................0..-0 11) C. ichangensis 
NN Leaves somewhat blunt, not caudate; seeds many, medium-sized, thin, not angled................. 12) C. latipes 
MM Flowers small or medium-sized (1-2 cm diam.); staments all free. (Section Papeda.) ..................-.s--s-ccceeeeeceeeee O 
O Flowers very small (1.2-1.3 cm diam. or less); fruits with few segments (6-9)..................- 13) C. micrantha 
OO Flowers medium-sized (1.3-2 cm diam.); fruits with 10-20 segments. .............2...::.:c:::ssececeeeeeceeceeeeneeeceeeees P 
Pb riunits with lo-20 Segments acetates ie rae i tessa pues aoenet ret vane iaee sds tes caucus 14) C. celebica 

PP VP ruits Veith PO= 4 Se crit nese cane Senet te arctee aide wanes Sec pat as os Sceclas nceedeceedics ales staeesscaavacedtuteetecseass 
Q Winged petioles with subentire margins; fruits globose, smooth. ....................+- 15) C. macroptera 


QQ Winged petioles with crenulate or toothed margins; fruits bumpy, bluntly pointed at one or both 
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glabrous, with stout, short, single spines in the axils of the 
leaves; leaves glabrous, elliptic-ovate or ovate-lanceolate, 
bluntly pointed or rounded at the ope cuneate or rounded 
at the base, margins serrate; petioles short, wingless or 
narrowly margined, not clearly articulated with the leaf 
blade; inflorescences short, few-flowered racemes; flower 
buds large, da! se flowers perfect or male by more or 
less complete abortion of the pistil; petals 5, pinkish on 
the outside; stamens very numerous, 30-40 or even 60 as 
found by Webber (1923, pp. 112-20); ovary large, 
bulged, cylindrical, with 10-13 locules, tapering into the 
anal style, which is sometimes persistent; fruit large, ob- 
long or oval, surface smooth or more often rough and 
bumpy, fra rie peta when ripe, rind very thick, seg- 
ments small, filled with pale greenish pulp-vesicles with 
acid or sweetish pulp; seeds numerous, small, 9-10 x 4-5 
< 3-4 mm, pointed at the base, smooth; embryo white. 
(See Hodgson’s description of the cultivated varieties of 
citron on pp. 552-57 of this work.) 

The citron was the first citrus fruit to 
reach the Mediterranean region. Apparently it 
was introduced to the eastern Mediterranean area 
following the invasion of Persia by Alexander the 
Great about 325 s.c. Theophrastus (writing about 
310 B.c.) called the citron the Median or Persian 
apple. He said that it was inedible but very 
fragrant and a remedy for rheumatism and sore 
mouth, as well as a repellent to drive away moths. 
Engler stated (1931, p. 338): “Since the fruits 
had the same uses as the wood of the Sandarak 
tree, Callitris quadrivalvis, the [ancient] name of 
this wood ‘Citrus’ was transferred to the fruit 
as Mala citrea.” This renaming of the Median 
apple as the Citrus apple led to the transfer of 
the name “Citrus” first to the citron and later 
to other citrus fruits. 

The native home of the citron has not been 
determined with certainty. The citron is com- 
monly a pitas to be indigenous to India but 
J. D. Hooker, who said (1875, p. 514) that he 
had no doubt about the citron’s being truly wild 
when he found it growing “mainly on dry sunny 
slopes [in Sikkim] totally unsuited for any kind 
of cultivation ... ,” later came to doubt its being 
indigenous. Bonavia (1888, p. 70) stated: “I am 
still in doubt whether it [the citron] is indigenous 
in India..It does not appear to have any ancient 
Sanskrit name and the number of varieties, if 
they are variations, on the western seacoast is 
suggestive. It is curious that they should be found 
in the area which came most in contact with 
foreigners.” 

The citron has been grown since ancient 
times in China, but Chi Han, minister of state 
under the Emperor Hui Ti, in a work written 
about 300 a.p. (Nan fang ts’'ao mu chuang) men- 
tioned the arrival, in 284 a.p., as tribute to the 
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Chinese Emperor, of 40 Chinese bushels of cit- 
rons from Ta-ch’in (a name usually meaning the 
Roman Empire). He stated: “. . . the Barbarians 
value the citron very highly. It is aromatic and 
its flesh is very thick and white . . .” This early 
Chinese record of the citron would indicate that 
it was not indigenous to China but had been 
introduced from the West. 

The early advent of the citron in Media 
and Persia, and its subsequent slow penetration 
into India and China, =ould be explained easily 
if the citron should prove to be a native of south- 
em Arabia. The bael fruit of India, Aegle mar- 
melos, has no close relatives in Asia, but three 
closely allied genera, Aeglopsis, Afraegle, and 
Balsamocitrus, are found in Africa. Citropsis, an 
African genus of the Near-Citrus Fruit Trees 
closely related to the Asiatic genus Atalantia, has 
eleven species. It would not be surprising to find 
midway between India and Africa, in some moun- 
tain oasis within the tropical zone in Arabia, the 
citron growing in a wild state. Over a century 
ago Wellsted (1838, vol. 1, pp. 126-52) found 
gardens in the Jebel Akhbar Mountains (150 km 
southwest of Mascat) where grapes grew abun- 
dantly; also “pomegranates, citrons, almonds, nut- 
megs and walnuts with coffee bushes.” Over 
thirty years ago Bartram Thomas (1932, map, p. 
101) i aes thoroughly the Qara mountain 
range, about 1,100 km farther to the southwest, 
and found it to be “an Arcadia of luxuriant for- 
ests that clothe steep mountains with perennial 
streams.” In these mountains, situated in a sum- 
mer rain belt along the coconut-fringed shores of 
the Arabian Sea, Thomas found giant, large- 
fruited wild fig trees and “wild-growing, bitter, 
limes” fruiting abundantly, as well as an exten- 
sive growth of frankincense trees at elevations 
of from 2,000 to 2,500 feet above sea level. Search 
should be made in this region, between eastern 
Hadhramaut and Oman, for the native home of 
the citron. 

The gradual increase in use of the citron 
can be traced in early literature. Theophrastus, 
writing at Babylon about 310 B.c., said the citron 
“was not eaten.” Plutarch, writing between 81 
A.D. and 96 a.p., stated that “many substances 
which in the past people would neither taste nor 
eat, are considered today as very agreeable... . 
Shall we mention the cucumber, the melon, the 
Median apple, and pepper?” (Tolkowsky, 1938, 
p. 91). By the second century the epicurean 
Apicius Caelius could recommend the following 


dishes as being exceptionally delicate: (1) the 
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white inner part of the peel of citron made up 
into a salad, and (2) small pieces of citron peel 
served with fish mixed with herbs, vinegar, oil, 
and spices (Tolkowsky, 1938, p. 59). Before long 
citrons had become a prized article of food in 
Rome, and in 301 a.p. the records show that their 
sales prices were officially fixed by Diocletian at 
values ranging from twelve to sixteen times the 
price of melons. 

A method of candying citron peel was 
finally discovered in the Mediterranean region. 
This involved the softening and clearing of the 
peel, before it was candied, by fermentation in 
sea water through the addition of a mixed cul- 
ture of a yeast and a bacillus. Candied citron 
peel ultimately supplanted almost completely the 
use of fresh peel. However, as the fresh citron 
peel, like that of lemon and orange, contains 
hesperidin (Penzig, 1887, p. 286), it is probable 
that it will prove to be a good source of vitamin P 
because of its thick meso , in which the hes- 
peridin is found. The eal ghoul be tested for 
the making of “citrin” (see pp. 368, 373, and 
380). 

la. Citrus medica var. sarcodactylis (Noot.) 
Swing. Pl. Wilson. 2:141. 1914. Citrus sarcodacty- 
lis Noot. Fleurs, Fruits, Feuill. Java 1: pl. 3. 1863. 
Illus. Nooten, loc. cit., pl. 3; Swingle, in Bailey, 
Stand. Cycl. Hort. 1:781. 1914. 

Type.—Lacking in Linnean Herbarium. 

Distribution.—Widely cultivated in China, Japan, 
Indo-China, and India. 

Common name.—Fingered citron. 

Like the species except in the fruit, which is split 
into a number of finger-like sections. Usually pulp is lack- 
ing, or if present is very scanty. 

The fingered citron is well known and 
highly esteemed for its fragrance and beauty in 
China and Japan, where it is called “Buddha's 
Hand Citron” (Fo Shou kan in Chinese, Bushu- 
kan in Japanese). It is used by Chinese and 
Japanese for perfuming rooms and clothing. It is 
also grown as a dwarf plant, of which good fruit- 
ing specimens are highly prized for ornamental 


purposes. 

1b. Citrus medica var. ethrog Engl. Die 
Nat. Planzenfam. 19a:338. 1931. 

Type.—Europe (Engler?). Herb. Bot. Mus., Ber- 
lin-Dahlem. 

Distribution Western Asia and Mediterranean 
countries; known only in cultivation. 

Common name.—Etrog citron. 

Fruits small, ellipsoid to fusiform, rough, with a 
nipple ending in the persistent stvle with the persistent 
stigma. 

The “Etrog” of the Jews, used in the Feast 
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of Tabernacles, is not mentioned in the Bible. 
It probably did not reach Palestine until after the 
time of Alexander the Great and was not used 
by the Jews in fulfilling the prescriptions as given 
in Leviticus 23:40. Immanuel Low (1924, p. 286) 
stated that its use had been recorded from the 
time of Alexander Jannaeus (104-78 B.c.). 

On the basis of the detailed prescriptions 
tea the character of the “Etrog” suitable 
or use in the Feast of Tabernacles, it is highly 
probable that the present-day Etrog is a sur- 
vival of an ancient form of the citron, perhaps 
much like the original form of the species from 
which the ordinary citron has been developed 
by selection. 


2. Citrus limon (L.) Burm. f. Fl. Ind. 173. 
1768. Citrus medica var. limon L. Sp. Pl. 2:782. 
1753; Limon vulgaris Mill. 1768; Citrus limonum 
Risso, 1813; C. medica var. limonum Hook. f. F1. 
Brit. Ind. 1:515. 1872. Illus. Loiseleur-Deslong- 
champs, Nouv. Duhamel 7: pl. 28. 1818; Risso & 
Poiteau, Hist. Nat. Orange. pl. 70 (col.). 1818- 
1822; Hayne, Arzn. Gew. 11: pl. 27. 1830; Bentley 
& Trimen, Med. Pl. 1: pl. 54. 1880; Ford, Bot. 
Gaz. 104:288-305. 1942; and many others. 

Type.—Europe? (L.?). Herb. Linn. in Linn. Soc. 
London. 

Distribution.—Southeastern Asia (?); widely cul- 
tivated in all subtropical countries. 

Common name.—Lemon. 

Small thorny trees, young leaves and flower buds 
reddish; leaves pale green, long-ovate, pointed at the tip, 
margins serrate or subserrate; petioles narrowly winged or 
margined, plainly articulated with the leaf blade; flowers 
reddish-tinted in the bud; petals white above, purplish 
below; stamens numerous, 20-40; ovary subcylindric or 
barrel-shaped, tapering into the thick deciduous style; 
fruit oval with a broad, low apical papilla, with 8-10 seg- 
ments; peel yellow when ripe, rather thick, prominently 
glandular-dotted; seeds small, ovoid, pointed, smooth, 
white within. 

The origin of the lemon is a mystery. 
Tanaka (1929b, p. 342) suggests that it was not 
introduced to China until the Sung Dynasty (760- 
1297 a.p.), and it is still rare in India (according 
to Biraghi, 1935). It was actively spread in the 
Mediterranean region by the Arabs about 1000 
to 1200 a.v. Like the sour orange, it became 
widely and favorably known as a medicinal 
agent. According to Glidden (1937, p. 382), the 
lemon was first described in detail by Ibn-Jami, 
a physician at the court of Saladin (1171-1193 
A.D.), in a treatise on the medical uses of the 
lemon (now lost; parts, however, have been pre- 
served in quotations). The lemon was considered 
by Linnaeus to be a variety of the citron (C. 


BOTANY OF CITRUS 


medica) and obviously closely related to it. 
Probably the lemon should be considered as a 
satellite species of the citron; possibly it may 
prove to be of hybrid origin, perhaps having the 
citron and the lime for parent species. As is true 
with the grapefruit, it is difficult to explain the 
origin of the lemon as a hybrid, as it crosses 
readily with other species of Citrus and yet, when 
self-pollinated, reproduces itself from seed with 
only small variations. For this reason it is left 
here as a distinct, but probably satellite, species 
of Citrus.?8 

The glucoside hesperidin was found in 
fruits of the lemon tree by Pfeffer (1874, p. 529). 
A comprehensive account of the biochemistry 
of the glucosides, organic acids, sugars, vitamins, 
essential oils, and other constituents found in 
the lemon is given in The Lemon Fruit by Bar- 
tholomew and Sinclair (1951) and in U.S. De- 
partment of Agriculture Agricultural Handbook 
98 (1962). 

The true lemon is of recent introduction 
and is still very rare in southern China, as was 
shown by Kwok Wa-shau, who in 1921 and 1922 
made, under Swingle’s direction, for the Bureau 
of Plant Industry (now encompassed by the Agri- 
cultural Research Service) a detailed survey of 
all the citrus fruits cultivated or found growing 
wild in the vicinity of Canton. The so-called 
white lemon, pak ning-mong in Cantonese, and 
the red lemon, hung ning-mong, both of which 
grow commonly in southern China, are not true 
lemons, but are hybrids, perhaps between the 
lemon and the mandarin orange (see below). 

The origin of the lemon is still doubtful 
unless it proves to be a hybrid or sport of the 
so-called lemon of India. The rough lemon, com- 
monly used as a rootstock in the United States, is 
apparently widely naturalized or possibly indig- 
enous in India and Pakistan, where it is called 
jambhiri. According to Bonavia (1888-1890, p. 
61), it was mentioned by the Emperor Baber in 
his memoirs, composed in 1519 a.p. (Bonavia fig- 
ured the fruit in pls. 131, 132). Hodgson (1937, 
p. 513) reported finding in India a form of jamb- 

iri “indistinguishable from our Florida rough 
lemon.” It grows in a seminaturalized state along 
the Mazoe River in Southern Rhodesia, South 
Africa, where it is called the Mazoe lemon. The 
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rough lemon has been found to show a very high 
percentage of nucellar embryos, which would 
indicate a hybrid origin. True lemons, on the 
contrary, show only a small proportion (10 to 
15 per cent) of nucellar embryony. 


HYBRIDS OF THE LEMON 


Lemonange ? [Citrus limon Xx C. sinen- 
sis P]. 

The only hybrid of this supposed parent- 
age that has come into culture in the United 
States is the Meyer lemon, grown as a potted 
plant in Peking, China, and introduced into this 
country in 1908 by the late Frank N. Meyer, then 
agricultural explorer of the Foreign Plant Intro- 
duction Service of the former Bureau of Plant 
Industry. It was figured and described by McKee 
(1927, pp. 218-21, text figs. 48, 49); see also Traub 
and Robinson (1937, p. 751). It is probably a 
hybrid between the lemon and some other species 
of Citrus. 

Lemonimes [Citrus limon * C. auranti- 
folia]. 

These hybrids, made by safeguarded cross- 
pollinations, are intermediate between the two 
parent species. The best known of these hybrids, 
the Perrine lemon (C. aurantifolia ‘Mexican’ < 
C. limon ‘Genoa’), is noteworthy in having high 
resistance to lemon scab (caused by Elsinoé faw- 
cettii) and also to lime withertip (due to Gloeo- 
sporium limetticolum), the worst diseases affict- 
ing the two parent species. The Perrine lemon is 
described and figured in Swingle, Robinson, and 
Savage (1931, p. 15, pl. 10), in McLennan (1937, 
1 text fig. and col. front cover), and in Traub and 
Robinson (1937, p. 781, fig. 15). 

Lemamdarins [Citrus limon x C. reticu- 
lata ?). 

Probably the Otaheite orange, the hung 
ning-mong or “red lemon” of the Chinese of Can- 
ton, and the lemon called pak ning-mong or 
“white lemon” are both hybrids of this character, 
possibly complex hybrids. Tanaka has shown 
(1925, pp. 107-26, and 1933b, col. pl. 8) that the 
name Citrus limonia Osbeck belongs or was as- 
signed to one of these hybrids (not to the hung 
ning-mong, as he supposes, but to the pak ning- 
mong), but such hybrid fruits propagated arti- 
ficially by man cannot be considered as true taxo- 


28 There are a number of so-called species of citrus fruit trees that are of doubtful status. They may be natural 
species of comparatively recent origin, not yet far removed from their ancestral forms, or they may be chance hybrids 


pr 
that may prove to be one of such forms. 
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or ae that have been propagated by man or may even be propagated spontaneously by apogamic embryos that re- 
uce the hybrid or sport exactly. The term “satellite species” is here used to designate species of doubtful validity 
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nomic species. They arose doubtless as garden 
hybrids in southern China through crosses and 

llinations effected by insects between the 
fester possibly introduced by the Arabs, and 
the native mandarin orange. 

Rumphius (1741, vol. 2, p. 101, pl. 26, 
fig. 2) figured a lemon called Lemon Martin, 
grown in the East Indian Archipelago by Euro- 
peans, that is almost certainly a hybrid between 
a true lemon, probably brought in by the Portu- 
guese, and some other species of Citrus (possibly 
C. grandis or C. hystrix); nevertheless it is called 
a lemon by the Europeans who live in the East 
Indies and by other Europeans. The same thing 
seems to have happened in southern China to 
the true lemon, probably transported there by the 
Arabs and then degenerated by hybridization. 

3. Citrus aurantifolia (Christm.) Swing. 
Jour. Wash. Acad. Sci. 3:465. 1913. Limonia 
aurantifolia Christm. in L., Pflanzensyst. .. . nach 
d. Houttuyn. 1:618. 1777; Limonellus sive Limon 
Nipis Rumph. Herb. Amboin. 2:107. 1741; Limo- 
nia acidissima Houttuyn. (non L.) Natuurl. Hist. 
2(2):444. 1774; Citrus lima Lun. 1814; C. acida 
Roxb. 1832; C. spinosissima Meyer 1818; C. notis- 
sima Blanco, 1837; C. limonellus, Hassk. 1848; C. 
medica var. acida Hook. f., Curtis’ Bot. Mag. 
3 ser. 40: pl. 6745 (col.). 1884. Illus. Rumphius, 
loc. cit. pl. 29; Merian, Metam. Insect., Surinam. 
17, pl. 17 (col.). 1705; Hooker f. loc. cit. pl. 6745 
(col.); Bonavia, Cult. Orang. Lem. India Cey., 
Atl. pls. 228, 229. 1890; Hume, Cult. Citrus Fruits 
19, 20, figs. 18, 20. 1926; Ochse, Fruits Fruitcult. 
Dutch East Ind. pl. 44 (col.). 1931; European 
iconographies of Citrus usually have misleading 
illustrations of this species! 

Type.—East Indian Archipelago, Amboyna, no 
type preserved; based on Rumphius description and plate 
and on Merian’s plate. 

Distribution.—East Indian Archipelago; widely 
grown in all subtropical regions. 

Common name.—Lime. 

A small tree with rather irregular branches; twigs 
with short, stiff, very sharp spines; leaves small, 5-7.5 cm 
long, elliptic-ovate or oblong-ovate, obtusely pointed at 
the tip and rounded at the base, margins crenulate, pale 
green, petioles narrowly winged, spathulate; inflorescences 
axillary, short, lax racemes of 2-7 flowers (rarely single); 
flowers small, white in the bud, calyx cupulate, 4-5-lobed; 
petals 4-5, 8-12 x 2.4-4 mm; stamens 20-25; ovary de- 
pressed, este with 9-12 segments, not meres into 
the style but clearly set off from it; style soon deciduous; 
stigma depressed, globose; fruits small, oval or subglo- 
bose, often with a small apical papilla, greenish-yellow 
when ripe; peel very thin, prominently Sonduliedoned: 
seeds small, oval, white inside. (See Hodgson’s descriptions 
of limes on pp. 573-80 of this Garr [excluding the 
Rangpur and Kusaie varieties, which belong not to this 
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species, but probably to C. reticulata, or else are hybrids 
of it with the lime].) 

The lime is apparently indigenous in the 
East Indian Archipelago. From there it has 
spread by human help to the Asiatic mainland 
and to many other te or subtropical regions 
of the world. It is a distinct species, not closely 
related to any other species of Citrus. However, 
limes hybridize freely with other species of Citrus 
and many such hybrids are found in the East 
Indies. The Tahiti lime (see chap. 4, pp. 576-77), 


- which is widely grown in Florida and California, 


was found by Bacchi (1940) to be in a triploid 
cytonomic state; Uphof (1931) had already dis- 
covered that it produces no pollen grains or 
viable ovules. 

HYBRIDS OF THE LIME 

Lemonimes [Citrus aurantifolia «x C. li- 
mon]. 

These hybrids, looking much like lemons, 
are discussed above (see p. 373). 

Limequats [Citrus aurantifolia < Fortu- 
nella japonica, or F. margarita]. 

These lime-like hybrids are discussed under 
Fortunella (see p. 3386). 

4, Citrus aurantium L. Sp. Pl. 2:782. 1753. 
Aurantium acre Mill. Gard. Dict. ed. 8. 1768; 
Citrus florida Salisb. 1796; C. vulgaris Risso, 1813; 
C. bigarradia Loiseleur-Deslongchamps, 1818; C. 
bigaradia Risso & Poiteau, 1818-1822; C. amara 
Link. 1831; C. karna Raf. 1838; C. communis Le 
Maout. & Decaisn. 1868; C. aurantium var. biga- 
radia Hook. f. 1875. Illus. Risso & Poiteau, Hist. 
Nat. Orang. pl. 30 (col.). 1818-1822; Berg & 
Schmidt, Darst. Beschr. Off. Gew. 3: pl. 31. 1861; 
Bentley & Trimen, Med. Pl. I:pl. 50. 1880; 
Tschirch & Oesterle, Anat. Atl. Pharm. pls. 69, 
70. 1898. 

Type.—Europe ? (Linnaeus ?). Herb. Linn. in 
Linn. Soc. London. 

Distribution.—Southeastern Asia; widely culti- 
vated in all subtropical regions. 

Common name.—Sour or Seville orange; bigarade. 

A medium-sized tree up to 10 m high, with a 
rounded top; twigs angled when young, with single, slen- 
der spines, often short, or stout spines up to 5-8 cm long 
on rapidly growing shoots; leaves medium-sized, ovate, 
bluntly pointed at tip, broadly rounded to cuneate at 
base; petioles 2-3 cm long, rather broadly winged, often 
1.2-1.8 cm wide at top, but sometimes narrower, 1 cm or 
less, narrowing rapidly to the wingless base; flowers 
large, very fragrant with oil of neroli, 5-12 per cent male 
(staminate only); fruits subglobose, usually slightly de- 
pressed at both base and top, peel thick, with a rather 
rough surface, becoming brifliant orange with a reddish 
tint at maturity; locules 10-12, filled with sharply acid 
pulp and numerous seeds; fruit becoming hollow at center 
as it matures, and then able to float in water. (See Hodg- 
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son's account of the cultivated varieties of the sour or- 
ange in chap. 4, pp. 489-94). 

This species was introduced into the Medi- 
terranean region from the East and for many 
centuries was the only orange known to Euro- 
peans. During this long period of culture it be- 
came very well known and much appreciated as 
a medicinal agent; the fruits were used for flavor- 
ing and for marmalade, and the flowers for per- 
fumery. It was the orange of late medieval 
Europe. Good high-flavored varieties of the 
sweet orange, C. sinensis, did not reach Europe 
from southeastern Asia until the fifteenth cen- 
tury. From that time on there was more or less 
confusion over the name of the sour orange. The 
pharmacologists persisted in calling it C. auran- 
tium and the citrologists, then the botanists, 
called it C. bigaradia. Many botanists considered 
both the sour and the sweet orange as merely 
varieties of a single species. As a matter of fact, 
the sour orange (C. aurantium) and the sweet 
orange (C. sinensis) are very distinct botanical 
species, not merely cultivated varieties of one 
species. 

The chief morphological differences are as 
follows: In the sour orange the petioles are much 
more broadly winged than in the sweet, and 
the leaf blades are narrower and more acutely 
pointed at the apex, and less rounded and more 
cuneate at the base. Ruggieri has shown (1935) 
that the petioles of the sour orange are much 
the longer, averaging 25.89 mm, whereas those 
of the sweet orange average only 15.91 mm; in 
other words, the sour orange petioles average 63 
per cent ape than those of the sweet orange. 
The fruits of the sour orange are of a brighter 
orange color and have a rougher peel; moreover, 
in the sour orange the oil glands are situated 
beneath minute sunken areas in the peel, where- 
as in the sweet orange the tissue covering the 
oil glands is often convex. 

Uphof reported (1932, pp. 133-35, fig. 
410-13) that he found no male flowers on several 
cultivated varieties of the sweet orange (C. sinen- 
sis), but that he did find from 5 to 12 per cent 
of male flowers on the sour seedling oranges of 
Florida (C. aurantium). The sour orange, accord- 
ing to Uphof, “probably is very close to the sweet 
orange but from the standpoint of the produc- 
tion of male flowers constitutes a transition, so 
to speak, toward the lemons, limes and citrons.” 
Uphof found no male flowers on cultivated varie- 
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ties of the grapefruit (C. paradisi). Many trees of 
the Dancy tangerine (C. reticulata) showed no 
male flowers (one small tree overloaded with a 
very heavy bloom had one single male flower 
among the thousands examined). Tangelos (hy- 
brids of C. reticulata with C. paradisi) also 
showed no male flowers. 


In view of these facts, it is clear that the 
occurrence in appreciable numbers of male flow- 
ers in C. aurantium constitutes an important dif- 
ferential character separating this species from 
C. sinensis. 


The ethereal oil in the leaves, flowers, and 
fruits of the sour orange is of very different odor 
than that in the sweet (more agreeable and aro- 
matic in the sour orange) and has a different com- 
position. Also the oil recovered from the petals 
of the sour orange, neroli oil, finds a different 
use in perfumery and has a higher value than 
that of sweet orange flowers. This oil, considered 
by perfumery experts to be “indispensable to 
finer perfumery,’ is said to owe its high value 
to small amounts (only 0.4 to 1.0 per cent) of “a 
nitrogenous compound of exceeding fragrance,” 
methy] anthranilate, NH. * CgH, * COOCHs (see 
Gildemeister and Hoffmann, 1922, pp. 93 and 96; 
and Finnemore, 1926, pp. 436-41). This remark- 
able substance is not found in the oil extracted 
from the petals of the sweet orange (Theulier, 
1902). The pulp of the sour orange is intensely 
sour, with a bitterish aftertaste, in contrast to the 
sweet, agreeable flavor of the sweet orange. Fur- 
thermore, the peel of the sour orange, which is 
official in the British Pharmacopeeia (the peel 
of both the sour and the sweet orange is official 
in the U.S. Pharmacopeeia), contains three gluco- 
sides, according to Tanret (1886, p. 518): (1) 4 to 
30 parts per 1,000 of isohesperidin (= naringin ?), 
having the same percentage composition and the 
same rotary polarization as hesperidin but a bit- 
ter taste (hesperidin of the sweet orange is taste- 
less) and a very different solubility; (2) 15 to 25 
parts per 1,000 of aurantamarin (to which, so 
Tanret asserts, most of the bitter taste of the 
sour orange peel is due), differing slightly in com- 
position and in solubility from both naringin (?) 
and hesperidin; and (3) from a mere trace to six 
parts per 1,000 of hesperidin. In the sweet orange 
only this last glucoside, hesperidin, is found, but 
it is present in much larger quantities than in 
the sour orange.*4 


2 As noted on pages 383 and 384, naringin is found in the pummelo (C. grandis) and in the grapefruit (C. para- 


disi), a satellite species; see also table 3-4, page 368. 
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The sour orange also shows physiological 
differences from the sweet orange. It stands win- 
ter cold better and has almost complete immunity 
to the foot rot, or mal di gomma, so destructive 
to the sweet orange in some localities. However, 
the sour orange is severely attacked by the scab 
fungus, Elsinoé fawcetti, which does not attack 
the sweet orange. | 

Besides the morphological, chemical, and 
physiological differences mentioned above, there 
are further anatomical difference discovered 
by Ruggieri (1935) between the sour and the 
sweet orange in the separative layer of articula- 
tion that lies between the petiole and the leaf 
blade, which may be summed up as follows: 
(1) The pith in the lower articulation joint where 
the petiole joins the twig is much more flattened 
from the top to the bottom in the sweet orange 
than in the sour. In the sour orange the ratio of 
the pith to the woody cylinder averages 1:1.4, 
measured in a horizontal direction, and 1:2.2, in 
a vertical direction, whereas in the sweet orange 
the ratio of pith to woody cylinder is 1:1.5 hori- 
zontally (about the same as in the sour orange) 
and 1:4.5 in the vertical (dorsiventral) direction, 
or only half as thick as the pith of the sour orange 
petiole. (2) The cells of the interior layers of the 
cortical parenchyma of the upper articulation 
joint where the petiole joins the leaf blade are 
isodiametric and are 12 to 20.5 p» in diameter in 
the sour orange but are 20 to 27 » in diameter in 
the sweet orange, or nearly one-half larger than 
in the sour orange. (3) The pericycle fibers that 
form a more or less interrupted sheath around 
the woody cylinder are strongly thickened in the 
sour orange but are little thickened, if any, in 
the sweet orange. 

B. Miyazaba, S. Matsubara, and T. Ka- 
waida (1928, p. 189, figs. 4, 5) have also found 
other anatomical characters that separate the sour 
orange from the sweet. Comparing the com- 
mon sour orange (kaisei-to) of Japan with the 
Washington navel orange (tento) in leaf struc- 
ture, they found that the sour orange leaf is thin 
(197 to 274 », the average of the ten measure- 
ments being 243.38 »), whereas the sweet orange 
leaf is about 11.1 per cent thicker (247 to 334 p, 
the average of the ten measurements being 270.33 
»). The two layers of palisade tissue are about 
the same thickness in the two species, but the 
spongy tissue shows a wide variation, being only 
148 to 189 » thick in the sour orange leaf (the 
ten measurements averaging 167.28 ») but rang- 
ing from 165 to 231 » in the sweet orange leaf 
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(the ten measurements averaging 197.51 y), or 
nearly 17 per cent thicker. They also found that 
the number of stomata is somewhat greater in 
the sweet orange epidermis than in that of the 
sour orange, averaging 23.44 in the microscope 
field of vision for the sweet orange and 20 for 
the sour orange, or 17 per cent more for the sweet 
orange. 

In view of this array of anatomical, physio- 
logical, and chemical differences between the 
sour and the sweet orange it is obvious that they 
are distinct species even if the gross morphologi- 
cal differences between them are small. 


VARIETIES AND MUTATIONS OF THE 
SOUR ORANGE 


Hodgson has given in this work (see pp. 
489-94) an account of the forms of the sour 
orange known in the United States, including 
the Bittersweet, with sweet fruits; the Paraguay, 
with subacid fruits; and the Bergamot, grown in 
Italy for the manufacture of bergamot oil from 
the fruits. These three varieties are of unknown 
origin and opinions differ with respect to whether 
they are mutations of the sour orange, like variety 
myrtifolia, or hybrids. Experimental hybridiza- 
tion would probably settle the question promptly. 

The orangeries of Europe, which came into 
vogue early in the fifteenth century and for two 
centuries were among the most prized possessions 
of everyone who could afford one, were filled 
with every form of citrus that could be found, 
among them many forms of the sour orange. 
Tolkowsky (1938, p. 186) observed: “However, it 
was the sixteenth and part of the seventeenth cen- 
tury ... that gave citrus trees, both in theory and 
ee their final status as an element of the 

st importance in the Italian garden.” He also 
stated that the first orange house or “orangery” 
in northern Europe, where citrus could not be 

own out of doors, was built by order of Charles 
VIII, king of France, in his own chateau at Am- 
boise after his famous expedition to Italy in 1494 
and 1495. “The example set at Amboise was soon 
followed in other royal castles and in those of 
many members of the nobility.” The most famous 
orangeries, according to Tolkowsky (pp. 200, 209), 
were those built for Louis XIV at Fontainebleau 
and Versailles and finally, in 1674, the one for 
Madame de Montespan at Clagny, where by 
1675, so Madame de Sévigné reported to her 
daughter, “there is a whole forest of orange-trees 
in huge boxes.” 
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In 1818-1822, Risso and Poiteau in their 
famous folio work, Histoire naturelle des or- 
angers, published descriptions and colored plates 
in natural size of 23 varieties of sour oranges 
called bigarades. Of these, eleven had already 
been named, described, and figured by Ferrari in 
his Brest work the Hesperides, published in 1646. 
A glance at these plates suffices to show what a 
wealth of forms, both normal and teratological, 
were grown in Europe. Many of these forms are 
still to be found in the citrus collections of the 
Old World, and a few new forms have appeared 
in recent works on the European varieties of 
citrus fruit trees (Riccobono, 1899, pp. 141-83; 
Inzenga, 1915, pp. 19-26; Galli, 1928, pp. 10-13; 
and others). A striking new strain of the sour 
orange, named the Oklawaha, was originated 
within the United States. It has large fruits, 
7.5 to 10 cm in diameter with a rind 6 to 10 mm 
thick, that are rich in pectin, making it an excel- 
lent marmalade variety (see Swingle, Robinson, 
and Savage, 1932, pp. 9-10; and Traub and Rob- 
inson, 1937, pp. 782-83). 


The Trabut variety of sour orange (named 
in honor of L. Trabut, who brought together at 
Maison Carrée, Algeria, early in the twentieth 
century, a very fine collection of cultivated varie- 
ties of citrus) is a European strain bearing normal 
bitterish-sour fruits but differing from all other 
published descriptions or figures of sour oranges 
in having very large, obdeltoid petioles, much 
broader (2 to 3 cm) than those of typical sour 
orange leaves. It was introduced into the United 
States by David Fairchild in 1925, and distrib- 
uted as F.P.J. No. 63550. It, like the Oklawaha 
variety just noted, is a strain of sour orange very 
readily recognized by an easily seen morphologi- 
cal character. 


The Daidai is a cultivated variety of the 
sour orange common in Japan that differs little 
from the ordinary sour orange except in being 
dwarfish in habit, and having blunt-tipped leaves 
and a persistent calyx that continues to grow as 
the fruit develops, finally turning yellowish or 
orange-colored as the fruit ripens. This variety 
shows almost complete immunity to citrus canker 
in the Philippine Islands, where ordinary sour 
orange is very susceptible, as Swingle observed 
in 1915. The Daidai is also known in China, 
where it is grown in Kiangsu and Chekiang 
provinces for its flower buds, which are used to 
mix with tea leaves. It is likewise grown in Can- 
ton, especially in the famous Fa t’i al gardens, 
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as a potted plant. Hu (1934, p. 47) described it 
as follows: 

“After a growth of 5 or 6 years the Tat-tai [pro- 
nounced ‘dai-dai’] tree reaches a height of 1 m; its 
branches grow sparsely and are of spreading habit; the 
leaves are elliptical or ovate, apex obtuse, base rounded; 
leaf blades are very thick, petioles winged; leaves are 
broad and thick. Fruit is compressed-globose, measures 
5.4 X 6.4 cm; peel is of orange red color. Fruit pulp is in 
10 segments, membranes are thick and white; Fruit flesh 
is light yellow. Seeds ellipsoid, apex cuneate, monoembry- 
onic; cotyledons white in color; chalaza purple. Fruit juice 
is very sour, so the fruits are not fit to eat in their raw 
state. They [the Chinese orchardists] gather only the 
flower bids of this species which they fre-dry to make 


a scenting material] for tea leaves.” 

Hu failed to mention that the Chinese 
Tai-tai has enlarged, persistent calyx lobes, but 
a description drawn up by Kwok Wa-shau, Swin- 
gle’s former assistant working at Canton, China, 
from plants introduced into Kwangtung Province 
(about 1915) from Soochow, Kiangsu Province, 
reads: “The calyx is remarkably large, being 
strikingly different from that of the other species 
of Citrus, bluish-green in color, the 5 sepals 
forming a somewhat protruding cup . . . The rind 
is extremely thick and the pulp very sour.” 

The Chinese do not use the Tai-tai as a 
rootstock; instead they use the following sorts 
that grow to a larger size: 

The Vermillion globe sour orange (chu- 
luan), which grows to a height of 5 meters and 
has long, narrow, acutely pointed leaves. Hu 
(1934, p. 46) described it as having compressed- 
globose fruits, 8 cm long and 9.5 cm wide, with 
many (30 to 40) seeds, It is used as a rootstock 
for sweet oranges. 

The Leather-head sour orange (pii-t’ou ch’ 
éng), which has elliptical leaves, blunt at the 
tip, small depressed-globose fruits, 4.4 cm long 
and 6 cm wide, with rough peel and with nu- 
merous (about 20) seeds. It is used as a root- 
stock for sweet oranges at Huangyen, Chekiang 
Province. 

Tanaka, who studied the citrus fruit trees 
grown in the coastal regions of China opposite 
Taiwan, reported (1932a, p. 29) that the sour 
orange rootstocks used in Fuchow and Huang- 
yen “are very different from our [Japanese] Dai- 
dai.” Probably the sour orange used as a root- 
stock at Huangyen which Tanaka mentioned was 
the form called Leather-head sour orange by Hu. 
Tanaka, who is familiar with the sour orange used 
as a rootstock in the United States, stated further 
that “our Daidai . . . is the most inferior grafting 
stock. On the other hand, the sour orange in the 
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United States and Italy is an excellent grafting 
stock, as well as that of Chekiang .. .” 

Benemerito (1938), like Kwok (1922), found 
no typical sour orange growing in Kwangtung 
Province, only the mutation Tai-tai, which has 
a large and persistent calyx. He listed four other 
varieties that he assigned to Citrus aurantium, 
but three of them, which have very narrowly 
winged petioles, are probably hybrids, whereas 
the fourth, which has sometimes broadly winged 
and sometimes narrowly winged petioles, was 
considered by Benemerito himself as probably 
a hybrid between the sour orange and a man- 
darin. Some of these hybrids are worth testing 
as rootstocks. 


POSSIBLE ORIENTAL HYBRIDS OF THE 
SOUR ORANGE 


Besides the four varieties from China and 
Japan, discussed above, that seem to be muta- 
tions of C. aurantium, there are other forms, 
probably accidental garden hybrids of unknown 
parentage. The following are known from Taiwan 
and Japan: 

Hyonkan. 

This form has large leaves (13 by 6.5 cm), 
acute or acuminate at the tip, and small, subglo- 
bose (6 cm high, 7 cm wide), thick-skinned fruits 
with a solid core. The calyx in the flowering 
stage has slightly enlarged sepals; these, how- 
ever, do not elongate as the fruit grows. Hayata 
(1919, pp. 27, 28, text fig. 16) named it Citrus 
daidai after a nomen nudum of Siebold printed 
in 1830, but he stated: “It may be [a] hybrid 
between C. aurantium and C. sinensis.” It is re- 
‘gehibe as being cultivated in Taiwan and as 

eing much like a Japanese variety called Kwai- 
seikan (“very green [sour] orange”). Certainly no 
evidence is adduced to show that this variety 
merits a species name. 


Nanshé daidai. 


This is a form found, very rarely, growing 
semiwild in the forests of Taiwan in three locali- 
ties, Nanchwang (formerly Nansho), Gaogan and 
Taitung districts. Tanaka (1932a, pp. 20-21) stated 
that the “Nanshoé daidai resembles the Daidai 
[the Japanese form of] Citrus Aurantium in the 
shape of the fruits, but the leaves are somewhat 
similar to the Naruto-mikan.” He went on to say 
that the fruits are round in shape with a slight 
nipple at the apex, have an acid taste like the 
Yama-mikan, and have a thick rind like a citron. 
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The Nanshé daidai differs from the ordi- 
nary Japanese Daidai, according to Tanaka 
(1926d, pp. 54-58), “in having much longer leaves 
[blades about 12 by 5 cm], lanceolate, sharply 
and gently pointed at the tips, thin, inodorous; 

tioles broadly winged; calyx glabrous, fruits 
attened, globose, peel with smaller oil glands, 
pulp delicate, very sour and more deeply yellow.” 
In this article the Nanshé daidai was published 
in Japanese as Citrus taiwanica Tanaka and Shi- 
mada. Tanaka (1926, p. 345), a month later, 
published the Nanshé daidai in English as a 
new species, Citrus taiwanica Tan., and stated, 
“at present it seems to have become extremely 
scarce.” It is by no means clear that this is a good 
species; it is probably a hybrid of C. aurantium 
with some other species of Citrus having lon 
leaves. Tanaka thought that the “very uniform 
seedlings of this species might “serve as stocks 
for commercial semitropic citrus fruits.” This very 
uniformity of the seedlings may be due to the 
hybrid nature of the Nanshé daidai, as many 
Citrus hybrids yield perfectly uniform seedlings 
from nucellar buds that replace the true embryo 
in the seeds. In a later publication Tanaka (1933), 
p. 172, fig. 138) included a halftone illustration 
of the type specimen showing flowering twigs; 
another text figure (1933b, p. 136, fig. 112) illus- 
trates the depressed-globose, thick-skinned fruit, 
which shows 10 segments. 

Yama-mikan (“Mountain mandarin’). 

Concerning this form, T. and Y. Tanaka 
(1932, p. 3) stated: “Yamamikan . . . is used as 
a rootstock in Hydga Province [in Japan], and 
it corresponds to the American sour stock in its 
vigor and habit.” 


ACCURATELY SAFEGUARDED HYBRIDS 
OF CITRUS AURANTIUM 


Apparently the only sour orange hybrid 
known that was made by properly safeguarded 
cross-pollination is the following bigeneric one: 

Citradia [Citrus aurantium << Poncirus tri- 
foliata]. 

This beautifully intermediate trifoliolate 
hybrid has great vigor and hardiness (see also 
under Poncirus, p. 347). 

4a, Citrus aurantium var. myrtifolia Ker- 
Gawl. [John Bellenden] Bot. Reg. 4: text to pl. 
346. 1818. Citrus myrtifolia Raf. Sylva Tellur. 
Mant. 141. 1838; C. sinensis Pers. (non Osb.) Syn. 
Pl. 2:74. 1807. Illus. Ker-Gawler, loc. cit. pl. 346 
(col.); Risso & Poiteau, Hist. Nat. Orang. pl. 50 
(col.). 1818-1822. 
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Type.—England (Ker-Gawl.). Herb. ? 


Distribution—Known only in cultivation; sup- 
posed to have been brought from China into the Mediter- 
ranean regions in the seventeenth century. 


Common name.—Myrtle-leaf orange. 


Twigs with very short internodes, usually 1-2 cm 
long, often without spines; leaves small, about 14-4 the 
size of the normal foliage of the species; fruit small, often 
about 14-14 the size of that of the species. 


This plant is so strikingly different from 
the common orange that Charles Darwin (1868, 
p. 100) considered it to be one of the most dis- 
tinct species of Citrus. He stated: “. . . I can 
adduce another case: the myrtle-leaved orange 
is ranked by all authors as a variety, but is very 
distinct in general aspect: in my father’s green- 
house, during many years, it rarely yielded any 
seed, but at last produced one; and a tree thus 
raised was identical with the parent form.” 

The myrtle-leaved variety of the sour 
orange probably arises as a mutation of the com- 
mon form of the sour orange. Swingle once found 
at Leesburg, Florida, sprouts of this myrtle-leaved 
variety growing from the roots near the base of 
the trunk of a very old sour orange rootstock on 
which a large sweet orange had grown from a 
graft. Doubtless this old sour orange was origi- 
nally, like the many others found in the same 
grove, dug up from under the live oak trees in 
a hardwood grove on rich soil (hammock) where 
sour orange trees grew in a semiwild condition. 

One important horticultural race of sour 
orange, the St of Italy, belongs to this 
variety. It is grown for its small fruits, which are 


candied. 


THE TAXONOMIC PROBLEM OF CITRUS 
AURANTIUM AND ITS FORMS 


Citrus aurantium is unusual and can almost 
be said to show mimicry of the sweet orange, 
C. sinensis. It has required careful search to find 
morphological differences to separate the two 

ecies; yet they show great differences in their 
physiological requirements and limitations, in 
their graft compatibility to other citrus fruit 
trees, in their resistance to disease, and espe- 
cially in the chemical composition of their essen- 
tial oils, glucosides, etc. 

If we admit that the two species are dis- 
tinct in spite of their mimicry, we then face the 
even more difficult problem of distinguishing 
the similar-looking but physiologically diverse 
forms, whether subspecies, varieties, or strains, 
found within the species. Two forms of sour 
orange so similar as to look almost identical may 
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have profoundly different values as rootstocks for 
the lemon and perhaps for other cultivated citrus 
fruit trees. This problem, already bafflingly com- 
plex, is further complicated by the hybrids of 
C. aurantium, which make an already bad taxo- 
nomic situation still worse. 


5. Citrus sinensis (L.) Osbeck, Reise Ostind. 
China 250. 17€5. Citrus aurantium [var.] sinensis 
L. Sp. Pl. 2:782. 1753; Aurantium sinensis Mill. 
Gard. Dict. ed. 8. 1768; Citrus aurantium Lour. 
(non L.) Fl. Cochinch. 2:466. 1790; C. aurantium 
Risso (non L.), Ann. Mus. Hist. Nat. Paris 20:181. 
1813; C. aurantium [var.] vulgare Risso & Poit. 
Hist. Nat. Orang. 33. 1818-1822; C. aurantium 
[var.] dulce Hayne, Arzn. Gew. 11: pl. 28. 1830. 
Illus. Risso & Poiteau, loc. cit. pls. 3, 4 (col.); 
Hayne, loc. cit. pl. 28 (col.); Bentley & Trimen, 
Med. PI. 1: pl. 51 (col.). 1880; and many others. 


Type.—Europe (Linnaeus), lost P (no authentic 
specimen in Linnean Herbarium, fide B. Daydon Jackson 
[1912, p. 58)). 

Distribution.—China, Indo-China, possibly other 
southeastern Asiatic regions. 

Common name.—Sweet orange. 

A medium-sized tree with a rounded top and 
regular branches; twigs angled when young, usually with 
slender, somewhat flexible, rather blunt spines in the axils 
of the leaves; leaves medium-sized, pointed at the apex, 
rounded at the base; petioles narrowly winged, articulated 
both with the twig at the base and with the leaf blade 
at the tip; flowers in small racemes or singly in the axils of 
the leaves, medium-sized; calyx with 5 lobes; petals 5; 
stamens 20-25; ovary subglobose with 10-13 locules; 
style slender, clearly delimited, soon falling; fruits sub- 
globose, oval or flattened globose; peel thin, tight, not 
bitter, central axis (pith) sclid: seeds cuneate-ovoid with 
rough-margined plane surfaces, white inside; embryos 
usually numerous, varying greatly in size. (See Hodgson’s 
descriptions of the cultivated varieties of the sweet orange 
on pp. 441-89 of this work.) 

In 1914, in discussing Chinese species of Citrus, 
Swingle stated (1914a, pp. 150-51): “The common 
sweet orange, often confounded with the sour or Seville 
orange, is in fact quite distinct from the latter. The fruits 
of the sweet orange have a solid core, never becoming 
hollow like that of the sour orange; the petioles are nar- 
rowly winged in the sweet and broadly winged in the sour 
orange; the leaves and flowers of the two species have a 
very distinct odor. The two species show decided differ- 
ences in their soil requirements and in their susceptibility 
to the attacks of fungous diseases. Many other minute but 
constant divergences are shown between these two oranges 
in all their organs. These two plants, then, superficially so 
similar, are in reality very unlike and should by no means 
be united as varieties of one species.” In the discussion 
above under C. aurantium it has been shown that many 
anatomical differences between the sweet and the sour 
orange have recently come to light, differences that go 
far to show that these are in reality very distinct species 
that happen to possess certain superficial resemblances 
concealing many profound differences. 
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Citrus sinensis is probably native to south- 
eastern Asia, in northeastern India or, more 
likely, in southern China and Indo-China. It has 
been so widely cultivated for so long that it is 
no longer known in a truly wild condition. 


Tolkowsky (1938) theorized that the sweet 
orange first appeared in Roman gardens as early 
as the first century a.p., eventually disappearing 
in the barbaric invasions. The sweet orange 
mentioned in literature of the fifteenth century 
appears to have reached Europe over the Geno- 
ese trade route, followed by superior varieties 
brought around the Cape of Good Hope by 
Portuguese navigators in the sixteenth century. 


Before the advent of the sweet orange 
into the Mediterranean regions, citrus fruits were 
esteemed there for medicinal use, but the intro- 
duction of this delicious and beautiful fruit 
aroused an intense interest in Citrus and led 
many people of means to build orangeries where- 
in they grew all sorts of citrus fruits. Everyone 
in Europe heard of these wonderful fruits. By 
the middle of the seventeenth century (1646) 
Ferrari had written his Hesperides, a beauti- 
fully illustrated account of the citrus fruits then 
known. Around this was woven the story of 
Hercules, taken from Greek mythology, who was 
supposed to have found oranges when he gath- 
ered the golden apples of the Hesperides. 

The fruits of the sweet orange contain a 
glucoside, hesperidin, which was discovered by 
Lebreton in 1828 but was first recognized as a 
glucoside by A. Hilger (1876) and E. Hoffmann 
(1876). It is allied to, but different from, the 
naringin of the pummelo and the grapefruit, 
the aurantamarin of the sour orange, and the 
ponciridin of trifoliate orange (see table 3-4, p. 
368). Much interest was aroused by the discovery 
of “citrin,” or vitamin P, related to hesperidin, 
in the juice and peel of the lemon (and sweet 
orange) by Szent-Gyorgyi and his colleagues (see 
Rusznyak and Szent-Gyorgyi, 1936; Armentano et 
al, and Szent-Gyorgyi, 1936; and Rosenberg, 
1942), Further information on the composition and 
biochemistry of the sweet orange may be found 
in Sinclair (1961) and theU.S. Department of Agri- 
culture’s Handbook No. 98 (1962). 


HYBRIDS OF CITRUS SINENSIS 


Tangors [Citrus sinensis < C. reticulata]. 


These hybrids, which look much like the 
sweet orange, bear orange-like fruits often of 
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high quality. They are discussed under C. retic- 
ulata (see p. 382). 

Citranges [Citrus sinensis  Poncirus tri- 
foliata]. 

See under Poncirus (p. 347). 

Citrangors [Citrus sinensis X (C. sinensis 
< Poncirus trifoliata)]. 

See under Poncirus (p. 348). 

Citrangequats [(Citrus sinensis < Poncirus 
trifoliata) < Fortunella japonica, or F. marga- 
rita]. 

See under Fortunella (p. 339). 

Citrangedins [(Citrus sinensis < Poncirus 
trifoliata) < (Citrus reticulata var. austera P X 
Fortunella sp.)]. 

See under Fortunella (p. 339). 

Citrangeremos [(Citrus sinensis < Poncirus 
trifoliata) < Eremocitrus glauca]. 

See under Eremocitrus (p. 344). 


6. Citrus reticulata Blanco, Fl. Filip. 610. 
1837. Citrus nobilis Andrews (non Lour.), Bot. 
Repos. 9: pl. 608. 1809; C. nobilis var. major 
Kerr, Bot. Reg. 3: pl. 211. 1817; C. deliciosa Ten. 
Ind. Sem. Hort. Neap. [9]. 1840; C. nobilis var. 
genuina Tan. Bot. Mag. Tokyo 26:204. 1912. Illus. 
Andrews, loc. cit. pl. 608; Kerr, loc. cit. pl. 211; 
Du. Breuil, in Risso & Poiteau, Hist. Nat. Orang. 
ed. 2. 49, pl. 29 bis. 1871-1872. 


Type.—Wanting. Substitute type: Philippines, 


‘Luzon (Merrill, Species Blancoanae, No. 402). 


Distribution.—Philippines, southeastern Asia; 
widely cultivated in all subtropical regions. 

Common name.—Mandarin orange. 

A small spiny tree with slender twigs; leaves 
broadly or narrowly lanceolate; flowers arising singly or 
in small clusters in the axils of the leaves; fruits depressed 
globose or subglobose, with thin, loose peel easily separat- 
ing from the segments, bright orange or scarlet-orange 
when fully ripe; seeds small, pointed at one end, embryo 
green. (See Hodgson’s description of the cultivated varie- 
ties of the mandarin orange on pp. 496-533 of this work.) 

In discussing the Chinese species of Citrus 
in Plantae Wilsonianae (Swingle, 1914a, pp. 141- 
49), Swingle showed that the true mandarin 
orange with its thin, loose peel is very different 
from Citrus nobilis, which Loureiro described as 
having a “thick, succulent, sweet, edible and 
irregularly tuberculate rind.” As Swingle wrote 
at that time, “this description is impossible to 
reconcile with the ordinary mandarin oranges.” 
It does describe the Cochin-Chinese orange that 
is called King (or King of Siam) in the United 
States. This latter shows many other important 
differences from the typical mandarin orange— 
differences so great as to force the authors to the 
conclusion that it is a hybrid between a man- 
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darin orange and some other citrus fruit, possibly 
a sweet orange or a pummelo, or even a pum- 
melo X< sweet orange hybrid. H. Brenier (1917, 
p. 214), in commenting on the confusion in the 
names of Indo-Chinese citrus fruits, stated (in 
translation): “It may well be that hybridization 
has occurred. It is indeed very probable that the 
hybrid King of Siam (C. Aurantium X_ nobilis 
[ie., C. sinensis X C. reticulata]), an orange with 
de aa pulp mentioned in the Flore géné- 
rale de [Indo-Chine, is not the only hybrid that 
has originated in our peninsula.” (See also p. 382.) 

In 1931, Matlack reported that the chro- 
moplasts in the peel of the King orange are very 
different from those of the mandarin orange and 
similar to those of the sweet orange.”°> Another 
discovery, made by Nelson (1934), is of a fully 
methylated flavonol in the peel of the tangerine 
orange. Nelson stated: “It seems to be the first 
instance of a fully methylated flavonol occurring 
in nature.” It is doubtless analogous to hesperitin 
(derived from hesperidin of the sweet orange), 
naringenin (derived from naringin of the grape- 
fruit and the pummelo), and ponciritin (found in 
flowers of Poncirus trifoliata by Hattori, 1936). 

It thus became necessary to find another 
botanical name for the mandarin orange. The 
oldest valid published name for the mandarin 
type of orange is Citrus reticulata, so named for 
the irregular network of soft, white fibers found 
between the loose peel and the juice-filled seg- 
ments. This name was published by Blanco in 
his Flora de Filipinas in 1837. Because his type 
specimens have disappeared, it was not entirely 
clear what plant Blanco had in mind until Merrill 
(1918) published his study of Blanco’s plants and 
issued sets of herbarium specimens including 
substitute types for Blanco’s new species. Mer- 
rill’s studies and substitute types show clearly 
that Blanco’s C. reticulata is, in fact, a mandarin 
orange. The Blanco species name antedates by 
three years C. deliciosa Tenore, which was based 
on the so-called Willowleaf mandarin. The 
Philippine C. reticulata is fortunately not an ex- 
treme and highly specialized form of this species, 
and hence is excellently fitted to be the type of 
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this widespread and variable species of Citrus. 
Probably a dozen or more so-called species have 
been published for forms of mandarin oranges 
and their hybrids and numerous varieties. 

6a. Citrus reticulata var. austera Swing. 
Jour. Wash. Acad. Sci. 32:25. 1942. 

Type.—China, Kwangtung Province, Ch’ao-chou 
(Groff, No. 233, 1918). Herb. Lingnan Univ., Canton, 
China. 

Distribution China: Swatow region, Kwangtung 
Province. 

Common name.—Sour mandarin. 

Differs from the sweet mandarin orange in hav- 
ing smaller fruits with intensely acid pulp. The type of 
this variety is the sour mandarin called siin kat in Can- 
tonese, propagated from seed in the Swatow region of 
Kwangtung, where it is commonly used as a rootstock for 
grafting. G. W. Groff in 1918, in a manuscript report 
covering his work on citrus done in China under Swingle’s 
supervision for the former Bureau of Plant Industry of the 
U.S. Department of Agriculture, described the siin kat as 
follows: 

“Fruits. slightly depressed-globose, 2.9-3.3 cm 
long, 3.3-3.6 cm diam., with smooth, loose 1 about 4 
mm thick, capucine yellow (Ridgway, pl. 3) when ripe; 
oil aga small, round, far apart, fragrant; segments 9, 
easily separated; segment w thin, tender, white; core 
6-8 mm diam., soft; pulp deep chrome yellow (Ridgway, 
pl. 3), composed of small, short, pulp-vesicles, clinging 
together but irregularly arranged and easily broken; juice 
reddish yellow, very sour; seeds about 9, rounded at one 
end, pointed at the other, showing white parallel lines 
from base to tip; leaves lanceolate-elliptical, blades 6.8 x 
2.5 cm, rather acutely cuneate at the base and narrowed 
to a blunt apex, with about 10 pairs of lateral veins; peti- 
oles nearly wingless.” 

This variety is widely grown about Swa- 
tow, China, where it is used as a rootstock upon 
which to graft the Ponkan or mi-tong-kan (“honey 
pot orange”) and other famous varieties widely 
exported from Swatow. 

Probably some of the other sour manda- 
rins called kat by the Cantonese are forms of 
this variety. Some of the so-called kat varieties 
with large fruits, which as they ripen may be- 
come sweet enough to eat, are probably hybrids 
between variety austera and the sweet man- 
darin, C. reticulata, or the sweet orange, C. 
sinensis. 

The so-called Rangpur lime (see chap. 4, 
pp. 532-33) may upon further study prove to 


25M. B. Matlack (1931, p. 438), in studying the plastids or chromoplasts in the pulp-vesicles of citrus fruits, 
found that “their size and shape appear to be characteristic of the species from which they are obtained . . . the tanger- 
ine, Satsuma [his fig. 4] and willow-leaved mandarin oranges have spindle-shaped plastids . . . in the King orange they 
are isodiametric [his fig. 3].” Such isodiametric chromoplasts occur, according to Matlack, in “the numerous varieties of 
the sweet orange.” In other words, the King orange representing very nearly the type of C. nobilis (as originally pub- 
lished by Loureiro), has chromoplasts similar to those of the the sweet orange, C. sinensis, and very different from those 
of the loose-skinned orange, C. reticulata. This is additional proof that it is a hybrid of the sweet orange and the loose- 


skinned orange. 
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be a form of C. reticulata var. austera or a dilute 
back-crossed ‘hybrid of it. It is probable that the 
sour mandarin has hybridized with several other 
species of Citrus in China; hybridized with C. 
ichangensis, it doubtless gave rise to the widely 
cultivated Yuzu (see pp. 389-90), a sort of cold- 
resistant lemon-substitute widely cultivated in 
japan and northern China; hybridized with a 

quat (some species of Fortunella), it gave 
rise to the well-known Calamondin (see p. 337), 
widely cultivated in China and the Philippines 
and well known in citrus variety collections in 
the United States. 


HYBRIDS OF CITRUS RETICULATA 


The following types of hybrids between 
mandarin oranges and other citrus fruit trees are 
known: 

Tangelos [Citrus reticulata < C. paradisi]. 

These hybrids, which look very much like 
oranges and are often beautifully colored and 
of delicious flavor, were first made by Swingle, 
using safeguarded cross-pollination technique. 
They were described and illustrated by Webber 
and Swingle (1905, pp. 235-37, pls. 17-19); by 
Webber (1907, pp. 336-37, pl. 21); by Swingle 
(1913e, pp. 87-89, pls. on pp. 94, 95); and by 
Hume (1926, pp. 106-08). Additional tangelos 
that had proved worthy of being named as horti- 
cultural varieties were described and illustrated 
by Swingle, Robinson, and Savage (1931, pp. .1- 
13, pls. 1-7); by Traub and Robinson (1937, pp. 
768-67, figs. 6, 7); and by Hodgson in this work 
(chap. 4, pp. 547-48, fig. 4-64). 

Similar hybrids have originated in China, 
Indo-China, Japan, and other Far Eastern coun- 
tries by insect cross-pollination of mandarin or- 
anges and pummelos growing in dooryard groves 
of mixed varieties of citrus fruit trees. The Natsu- 
mikan or Natsudaidai of Japan is almost certainly 
such an accidental hybrid; it cannot be named 
as a new species of Citrus unless similar new 
species names are coined for the many strikingly 
diverse tangelo hybrids that have been made in 
the United States and with accurate knowledge 
of their parentage. The name, Citrus nateudaidai 
Hayata, given by Hayata (1911-21, vol. 8, p. 29, 
fig. 19), cannot be accepted as a proper one for a 
chance hybrid known only in cultivation. 

Tangors [Citrus reticulata X C. sinensis]. 

These hybrids have been made by safe- 
guarded cross-pollination; among them is a 
promising tangelo-like fruit named the Umatilla 
(see Swingle, Robinson, and Savage, 1931, pp. 
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11-12, pl. 8). The King orange of Indo-China, 
long grown in the United States, is doubtless a 
tangor (see Brenier, 1917, p. 214; quoted above, 
on p. 381). The Temple orange of Florida is 
probably another tangor (see Traub and Robin- 
son, 1937, p. 775). There are without doubt many 
tangors besides the King that are masquerading 
as oranges in China, Japan, and other eastern 
Asiatic countries, where they have originated as 
chance hybrids. As there are many more varieties 
of mandarin oranges commonly grown in the Far 
East than in the United States, it is to be ex- 
pected that even more variation will be found 
in Oriental tangors. 

The King tangor was made the type of a 
new species which Loureiro (1790, vol. 1, p. 266) 

ublished as Citrus nobilis. As Loureiros her- 

arium specimens have almost all been lost, this 
species was misunderstood by taxonomists, who 
considered it to be a true mandarin orange, i.e., 
what is now called C. reticulata. It is therefore 
necessary to abandon the name C. nobilis (see 
discussion above, pp. 380-81). 

Citrandarins [Citrus reticulata < Poncirus 
trifoliata]. 

These trifoliolate hybrids are discussed 
under Poncirus (see p. 347). 

Calamondin [Citrus reticulata var. austera 
? X Fortunella sp.]. 

See under Fortunella (p. 337). 

Yuzu [Citrus reticulata var. austera ? X 
C. ichangensis]. 

See under Citrus ichangensis (pp. 389-90). 

Faustrimedin [(Citrus reticulata ‘Calamon- 
din’ < Fortunella sp.) < Microcitrus australa- 
sical]. 

See under Fortunella (p. 339). 

7. Citrus grandis (L.) Osbeck, Dagbok 
Ofwer Ostin. Resa 98. 1757. Citrus aurantium 
[var.] grandis L. Sp. Pl. 2:783. 1753; C. auran- 
tium [var.] decumana L. Sp. Pl. ed. 2. 1101. 1763; 
C. decumana L. 1767; Aurantium decumana 
Mill. 1768; Citrus pamplemos Risso, 1826; C. 
maxima (Burm.) Merr. 1917. Illus. Loisleur-Des- 
longchamps, Nouv. Duhamel 7:38, 42. 1818; Risso 
& Poiteau, Hist. Nat. Orang. pls. 62, 63. 1818- 
1822; Poiteau, Pomol. Franc. 2: pl. 344. 1846; 
Nooten, Fleurs, Fruits, Feuill. Java 1: pl. 3. 1863; 
Tanaka, Kankitsu No Kenkyd (Citrus Studies), 
pl. 3 (col.). 1933; Tillson & Bamford, Amer. Jour. 
Bot. 25:786, figs. 37-38. 1938; and many other 
plates (see Stapf, Index Londinensis 2:223 [1930]). 


Type.—China, Canton (Osbeck), in Herb. Mus. 
Stockholm (fide Tanaka). 
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Distribution Southeastern Asia, East Indian 
Archipelago; widely cultivated in all subtropical regions. 

Common name.—Pummelo. 

A large, spiny, round-topped tree with angular 
twigs, often pubescent; leaves large or very large, oval or 
elliptic-oval, with a blunt point at the tip and a broadly 
rounded base, often subcordate and even slightly over- 
lapping the winged petiole; midrib and large veins often 
pubescent; pea broadly winged, and more or less cor- 
date, usually pubescent; flowers very al St borne singly 
or in axillary clusters or in subterminal inflorescences; 
sepals and petals 5; stamens 20-25, with large linear an- 
thers; ovary oe sharply delimited from the decidu- 
ous style, with many segments; fruit large or very large, 
subglobose, oblate-spheroid or subpyriform; seeds large, 
thick, wrinkled. (See Hodgson’s descriptions of horticul- 
tural varieties of the pummelo on pp. 534-39 of this 
work.) 

Citrus grandis is one of the most distinct 
and most easily recognized species of Citrus. It 
is separated from the other species of the genus 
by a number of easily seen characters. 


Its thick, often pubescent, angular young 
twigs, with huge leaves borne on broadly winged, 
more or less heart-shaped petioles, its very large 
flowers and giant pale yellow fruits often the size 
of a child’s head, make the species impossible to 
mistake. The fruit usually has a thick peel and 
the pulp-vesicles are much larger than those of 
other species of Citrus. Instead of cohering with 
one another, they easily fall apart. The mem- 
branes that enclose the segments, although thin, 
are so strong that they can be peeled off the 
enclosed mass of pulp-vesicles easily. If this is 
done carefully, the segment remains intact in 
spite of having lost its covering membrane. 


Besides the morphological differences dis- 
tinguishing it from the other species of Citrus, 
the pummelo was discovered to have an impor- 
tant chemical difference (later found to be shared 
by the grapefruit): it contains naringin, a bitter 
glucoside related to the nearly tasteless hesperi- 
din of the sweet orange and to the bitter auranta- 
marin of the sour orange, but differing from both. 
(Full information on naringin is given by Will, 
1885 and 1887; see also Zoller, 1918, Poore, 1934; 
and table 3-4, p. 368.) Certain Oriental pummelos 
have a slightly higher content of vitamin C than 
oranges or grapefruit. Pummelos are highly es- 
teemed in both China and Thailand. 


8. Citrus paradisi Macf. Hook. Bot. Misc. 
1:304. 1830; also FI. Jamaica 1:131. 1837. Citrus 
decumana var. racemosa Roem. Syn. Hesper. 1:67. 
1846; C. decumana var. patoniana Riccob. Boll. 
Ort. Bot. Palermo 7:211. 1908; C. maxima var. 
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uvacarpa, Merr. & Lee, Amer. Jour. Bot. 11:383. 
1924. Illus. Swingle, in Bailey, Stand. Cycl. Hort. 
3:1392, pl. 50 and fig. 1744. 1915; Tanaka, Kan- 
kitsu No Kenkyd (Citrus Studies), pl. 4 (col.). 
1933; and many others. 

Type.—Wanting (fide Tanaka, 1932e, p. 432). 


Distribution West Indies; now cultivated in all 
subtropical regions. 


Common name.—Grapefruit. 
A large, round-topped tree with dense foliage; 


twigs angular when young, glabrous or nearly so; leaves 
larger than those of the sweet orange, smaller than those 
of the pummelo, ovate, bluntly tipped and_ broadly 
rounded at the base, glabrous or nearly so; petioles rather 
broadly winged but not so broad as those of the pummelo, 
oblanceolate to obovate in shape, the somewhat broadly 
rounded tip touching the very broadly rounded base of 
the leaf blade; flowers large, borne singly or in small clus- 
ters in the axils of the leaves; calyx 5-lobed; petals smaller 
than those of the pummelo, often larger than those of the 
sweet orange; fruits larger than those of the sweet or- 
ange but smaller than those of most pummelos; seeds 
smaller than those of the pummelo, white, not yellowish, 
not ridged as are those op the pummelo. (See Hodgson’s 
description of grapefruit varieties on pp. 539-46 of this 


work. 

The grapefruit apparently originated in 
the West Indies. In spite of careful search, it has 
not been found native in the Old World, where 
the parent species is largely grown and where 
many horticultural varieties are known. 

Another alternative is that the grapefruit 
may be a hybrid of the pummelo with the 
sweet orange. The morphological characters of 
the twigs, leaves, flowers, fruits, and seeds 
would suggest this. The most important argu- 
ment against such an origin of the ip atien is 
the absence of any breakup of self-pollinated 
grapefruit seedlings into orange-like and pum- 
melo-like forms. The fairly high fertility of the 
grapefruit when pollinated by Citrus reticulata 
‘Dancy’ makes the absence of reversions in the 
self-pollinated seedlings of the grapefruit hard 
to explain. On the other hand, the hybrids of 
C. reticulata ‘Dancy’ with grapefruit show great 
variability; some of them are grapefruit-like and 
others somewhat orange-like. In view of this fact 
it seems best to retain the grapefruit, for the 
present at least, as an independent but satellite 
species immediately following C. grandis, with 
which it is so closely allied that many Citrus 
taxonomists consider it a variety of that species. 
Patrick Browne (1756, 1789) was perhaps the first 
to discuss the grapefruit, under the name “Forbid- 
den Fruit” or “Smaller Shaddock.” Lunan (1814, 
pp. 171-73) was the first to use the term grape- 
fruit. He wrote: “There is a variety known by 
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the name of Grapefruit, on account of its resem- 
blance in flavor to the grape.” Tanaka (1926b) 
gave the taxonomic history of the grapefruit (in 
Japanese) and in the English summary a good 
technical description of its botanical characters. 

The fruit of the gra it contains a bit- 
ter glucoside, naringin,” first discovered in the 
pummelo (see p. 383). According to Zoller (1918, 
p- 371), naringin is found in large quantities in 
the peel of the grapefruit (from 0.66 to 0.80 grams 
per 100 grams of fruit). It occurs without any 
hesperidin but seems able to give rise to a form 
of vitamin P, according to Szent-Gyérgyi (1938). 
It is different from the glucosides hesperidin, 
found in the sweet orange, and aurantamarin, in 
the sour orange. 

It must be admitted that the true nature 
of the peparu is still unknown. It is to be 
hoped that the mystery of its origin can be set- 
tled by some of the newer methods now used in 
taxonomic research. 


HYBRIDS OF CITRUS PARADISI 

Tangelos [Citrus paradisi x C. reticulata]. 

These orange-like fruits, some of them 
beautiful in color and of delicious flavor, are dis- 
cussed under Citrus reticulata (see p. 382). 

9. Citrus indica Tan. Studia Citrol. 2:164. 
1928. Illus. Tanaka, Kankitsu No Kenkyd (Citrus 
Studies), 94, fig. 80. 1933. 

cA sarees India, Khasia, Churra, altitude 2,- 
000—4,000 feet (Hooker f. and Thomson, 15/8/50). Herb. 
Kew. 

Distribution Eastern Himalayan region: “a 
really wild Citrus found in Nowgong District, Khasi Hills 
and Manipur in Assam” (Tanaka, 1937, p. 235). 

Common name.—Indian wild orange. 

The original description, tranglated into English, 
reads as follows: “Branches terete, spiny, glabrous; leaves 
oblong or lanceolate, thick, sub-entire, attenuate at the 
apex, acute at the base, veins curved, minute, indistinctly 
reticulate; petioles articulated, linear, sulcate; flowers not 
seen; fruits small, broadly obovoid or sub-pyriform, soli- 
tary on terminal twigs, pedicels very short; calyx ‘hypo- 
crateriform,’ lobes triangular, acute; cortex thin, segments 
few (?), pulp vesicular, vesicles fusiform; seeds large, sub- 
orbicular, smooth, mono-embryonic.” In his discussion 
Tanaka stated that this species “has leaves resembling 
those of C. sinensis, but [the] small, fig-shaped fruit con- 
taining extremely large seeds is entirely different from 
any [other] Citrus.” 

In the Japanese account of C. indica, Tanaka 
gave measurements of various organs and the details not 
treated in his Latin diagnosis. His detailed description in 
Japanese (1928a, pp. 160-62), as translated by S. Kat- 
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sura, reads: “Twigs round in cross-section, rather stout, 
somewhat zigzag (‘wild-goose-procession form’), surface 
light green, glabrous, not wrinkled; thorns strong, arising 
at a broad angle, sharp-pointed; leaves oblong or lanceo- 
late, pointed at both ends, apex somewhat caudate, the 
extreme point sharp or slightly emarginate, the upper side 
green with indistinct veins, the underside light-colored 
with fine curved veins, without convex oil glands, margin 
subentire; petioles short, with narrow wings articulated 
[with the leaf blade]; leaves near the top of the branches 
measure 12.2 x 4.1 cm, petioles 0.8 X 0.2 cm; flowers 
indistinct [only calyx seen]; fruits terminal, borne singly 
on the ends of branchlets, pedicels extremely short and 
strong, articulated with the calyx; calyx funnel-shaped, 
sepals triangular, acute, thick, glabrous; young fruits de- 
shia at apex, slightly attenuate at the base, short, pyri- 
orm, about 2 cm diam., peel very thin [red, fide Tanaka, 
1937], segments few; pulp-vesicles spindle-shaped, 
stalked, very delicate; pulp very slimy [fide Tanaka, 
1937]; seeds very few, very large, almost round [in out- 
line], flattened, monoembryonic, 11 x 9 < 3.5 mm.” 

In discussing specimens collected at Khasia by 
Hooker and Thomson in August, 1850, and preserved in 
Kew Herb. (Tan. Ident. No. 1851), Herb. Bot. Mus., Ber- 
lin-Dahlem (Tan. Ident. No. D-1282), and Rijks Herb.,. 
Leiden (Tan. Ident. No. R-1016), Tanaka aed that they 
“have branches with numerous spines and _ luxuriant 

wth of leaves. The calyx persists after the flower has 
allen. Flowers borne single in the axils of the leaves, with 
extremely short pedicels. Calyx tubular (fistulose ?) articu- 
lated with the pedicels. Ovaries vase-shaped and scarred 
where the style has fallen off, resembling ovaries of La- 
vanga [= Luvunga]. Disk noticeable, below the ovary.” 
In his remarks in Japanese, Tanaka stated: “The most out- 
standing point [of this new species] is the morphological 
aspect of the flower . The Lejden specimen has 
sepals pointing [out] like claws with oil cells on the upper 
side resembling those of Chalcas [= Murraya], the 
flowers are evidently borne singly. 

“It resembles Metacitrus [Citrus junos, C. ichan- 
gensis, and the loose-skinned oranges, C. reticulata and 
its cultivated varieties and hybrids] in its short pedicels, 
the thin skin of the fruits and the large seeds like C. yuzu 
and C. ichangensis but in its depressed shape it resembles 
Pleiospermium [one of the Primitive Citrus Fruit Trees, 
see pp. 290-91]. 

“In the shape of the articulation of the calyx and 
Eo it resembles Citron and also in the round 

ranches in cross section, but its leaves are very different 
because they have no dentations at all. The leaves show 
analogies with those of the sweet orange ? (‘amodaidai’) 
group in shape, but are longer and have far more indis- 
tinct fine, parallel and curved veins. The form of the 
large leaves borne scattered on strong shoots resembles 
that of leaves of the genus Paramignya, in short it is still 
undetermined to hich roup this species belongs.” 

In a later pablicctina however, Tanske (1937) 
stated: “It is really a wild Citrus found in Now Bong Dis- 
trict, Khasi Hills and Manipur in Assam. It belongs cor- 
rectly to Metacitrus, as was predicted by the author, hav- 
ing small sized fruit with thin reddish rind and very slimy 


26 Hall (1938) found in the leaves and in a thin layer of the peel (just between the yellow outer peel and the 


albedo) a new enzyme of the glycosidase type, able to hyde 


olize naringin in vitro at low temperatures (37° C.) at pH 7 


into “an insoluble aglycone, naranginin (or naringetol)” and a new disaccharide sugar, distinct from rutinose. 
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pup. much similar to that of Citrus depressa Hayata. 
Perhaps of value as a rootstock.” 

This remarkable species has several un- 
usual characters which indicate that it may be 
a truly indigenous wild species. There is always 
the chance, however, that C. indica is in fact a 
hybrid of the remarkable, truly wild Citrus spe- 
cies of northeastern India, C. latipes, which prob- 
ably has very large seeds like its close relative, 
C. ichangensis, of central and southwestern 
China. If so, hybrids between Indian C. latipes 
with some species of the subgenus Citrus could 
be expected to have very large seeds like the 
Ichang lemon, which very probably is a hybrid of 
C. ichangensis and C. grandis (see pp. 390-92). 


10. Citrus tachibana (Mak.) Tan. Bul. Sci. 
Fak. Terk. Kjushu Univ. 2:52. 1926. Citrus auran- 
tium var. tachibana Mak. Jour. Jap. Hort. Soc. 
No. 75:2, pl. 1896; C. nobilis var. spontanea To- 
kutaro Ito, Jour. Coll. Sci. Univ. Tokyo 12:361. 
1900; C. aurantium subsp. nobilis var. tachibana 
Mak. Bot. Mag. Tokyo 15:167. 1901. Illus. Ma- 
kino, loc. cit. 1896; fig. 3-46 this work. 

Type.—Lost. Paratype: Japan, Tosa (T. Makino). 
Herb. Hokkaido Imp. Univ. (Tanaka Ident. label Sa-2). 

Distribution—Southern Japan: Yamaguchi and 
Kochi prefectures, south to Kagoshima Prefecture; Ryukyu 
Islands; Taiwan. 

Common name.—Tachibana orange. 

A description of this species by T. Makino, as 
translated by S. Katsura, reads: “Tree stands over 10 
feet. Branches and leaves grow thickly. Strongly resistant 
to frost or snow. Fruit somewhat flattened, 2-3 cm lateral 
diam. Skin smooth, oil glands scattered beneath the skin. 
Segment cases 6-7; juice bitter and almost inedible. Seeds 
1-2 in a segment, and rather ee in size. Fruits at first 
green but turning yellow in the late autumn. The flavor 
of the skin resembles that of Yuzu [see pp. 389-90]. 
Flowers the same as other Citrus plants in time of bloom- 
ing, shape and color. In the rainy season of summer the 
petals begin to turn white. Needle-like thorns are found 
on the branches. Petioles not winged.” 

A description of the para in the herbarium of 
Hokkaido Imperial University made by Tanaka reads as 
follows: “Branches small and slender; thorns about 3 mm 
long, acute. Leaves long, ovate-elliptical, subcoriaceous, 
broadly acuminate, obtuse and incised at the tip, some- 
what broad and convex at the base, indistinctly dentate 
at the margin, midrib slender, straight and distinct be- 
neath, veins almost indistinct, oil glands indistinct; petiole 
short, small, with linear wings which seem to be on the 
verge of degeneration. Flowers axillary, solitary, small. 
Pedicels 2 mm long, slender, glabrous; scales at the base 
triangular, ciliate at the margin. Calyx 3 mm in diameter; 
sepals somewhat recurved outward, densely ciliate at the 
margin. Disk large, ring-form, subcarnose, depressed at 
the apex. Ovary almost globular, attenuate at the base, 
about 2 x 2 mm in size.” 


Tanaka (1922, pp. 246-48) published in 
English a very interesting account of the tachi- 
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bana orange, about which cluster many of the 
oldest Japanese traditions, showing that the Japa- 
nese people have known this fruit since the very 
beginning of their history. As this species is not 
edible, it would doubtless not have attracted so 
much reverent attention had it not been the only 
citrus fruit known to the early Japanese. 





2.5 cm 








Fig. 3-46. Citrus tachibana. Top, leafy twig. Lower, 
mature fruit and seeds. (Photo by W. P. Bitters. ) 
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The widespread occurrence of the tachi- 
bana, from southern Taiwan to the southwest- 
ern province of the main island of Japan, makes 
it very probable that it is in fact a wild species 
that has persisted since prehistoric times. Tanaka 
(193la) published in Japanese a detailed account 
of the occurrence of C. tachibana in a wild con- 
dition in southern Japan, on the Ryukyu Islands, 
and also of its discovery in southern Taiwan 
where it grows at much higher altitudes than in 
Japan but where the temperatures are much the 
same as at sea level along the northern limits of 
its range. 

This species is very similar in many of its 
characters to the mandarin orange, C. reticulata. 
The great antiquity of the tachibana in Japan 
seems to preclude its being a hybrid or “chance 
seedling” of recent origin. It probably should be 
considered as a satellite species of C. reticulata 
and somewhat closely related to it. 


POSSIBLE HYBRIDS OF CITRUS 
TACHIBANA 


Shekwasha (also spelled Sheequasha, Shii- 
kuwasha, Sekwasa, or even Seequassia). 

This plant was described by Hayata (1919, p. 16) 
as follows (in translation): “Twigs very green, applanate- 
triangular, obtusely bent at the node, sometimes with 
spines 1-1.5 cm long in the axils of the leaves. Leaves 
ovate-oblong, 8-9 cm long, 3.5-4 cm wide, slightly acu- 
minate or broadly obtuse and retuse at the apex, broadly 
and obtusely triangular at the base, margins subentire, 
slightly crenulate; petioles 8 mm long, very narrowly 
winged. Fruits terminal, with very short peduncles, de- 
pressed-globose, 23 mm long, 4.5 cm wide, rounded in 
outline or sometimes slightly lobed, deeply sunken at the 
apex and slightly sunken at the base, with 7-9 locules, 
pericarp very thin, 1 mm thick, luteo-flavescent, rather 
smooth, flesh acid. Seeds 1 cm long, 6 mm wide, apex 
acute, rostrate tip obtuse; embryo a greenish.” 

Tanaka (1927c, p. 31) added a few points in his 
short description: “Bushy tree about 4 m high. Leaves 
small, broad-elliptic, obtuse, petiole short, almost wing- 
less. Fruit small, oblate, ends concave, very smooth, oil 
cells fine, reddish si Rind thin, turgid. Segments 
many. Center hollow. Pulp deep-colored, sweetish and rich 
in pectin, vesicles finely netted. Seeds very plump, finel 
striated, teguman at chalaza rosy, polyembryo green.’ 
He figured the Shekwasha (1933b and 19260, p. 190-93, 
figs. 1, 2) in comparison with Citrus chibi from 
which it differs akingly in having larger oil glands dis- 
tinctly sunken in the peel, also fewer locules that separate 
from each other and from the peel in the ripe fruit. Also 
Tanaka (1927b, p. 199) contrasted the Shckwasha with 
the Koji orange of Japan (which he called “Citrus leio- 
carpa Hort. nov.”), from which it differs in never occur- 
ring north of Sanbok (in the Ryukyu Islands), and “by 
having pointed leaves, reddish rind, finely round-netted 
pectiniferous pulp-vesicles, large seeds of brownish coat 
and dark brown chalaza part of tegumen.” 
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The Shekwasha is found, according to 
Tanaka (1927c, p. 31), in a wild or semiwild state 
in the Ryukyu (Luchu) asin ae south of San- 
bok and in Taiwan. Swingle brought back to the 
United States in 1927 a plant of the Shekwasha 
given him by the Tanaka Citrus Experiment Sta- 
tion at Tanushimaru, Kyushu, Japan, to which 
was assigned the Foreign Seed Introduction 
number 71180 and C.P.B. number 936. In this 
country the fruits of this variety when fully ripe 
are bright orange-colored and the less mature 
fruits are orange-buff or capucine yellow; the 
pulp is near primuline yellow (Ridgway, 1912, 
pl. 16). The seeds are pointed-obovoid and some- 
what compressed, 11 to 13 by 7 to 8 by 5.5 to 6 
mm, with a very finely striate but nevertheless 
remarkably smooth and even testa for a Citrus; 
the chalazal cap is reddish-brown (Ridgway, pl. 
27); the embryo is pale greenish. Tanaka re- 
ported (1926c, p. 192) that the pulp of the 
Shekwasha contains much pectin. 

The Shekwasha grows so vigorously in the 
peculiar sandy-loam and porous-limestone soils 
of extreme southeastern Florida that it should 
be tested there as a rootstock. The fruits are 
poor-flavored. 

Hayata (1919, p. 16) named the Shekwasha 
as a valid species of Citrus (C. depressa); in the 
same paper, however, he named as “new species” 
of Citrus several other forms that, according to 
his own statement, are probably hybrids. The 
Shekwasha has just the characters that would 
result from the hybridizing of the native C. tachi- 
bana of Taiwan and the Ryukyu Islands with 
some form of the mandarin orange (C. reticulata) 
introduced from the Chinese mainland. 


Subgenus Papeda 


Common name.—Papedas. 

Pulp-vesicles with very numerous droplets of acrid 
oil; petioles always large and broadly winged; flowers 
small, usually less than 2 cm diam.; stamens free, or, if 
cohering in Giinillese then flowers larger (1.5-3 cm diam.) 
and petioles very long, 1%-3 times longer than broad. 

This subgenus comprises a number of 
truly wild species of Citrus, many of them still 
to be found growing in primeval forests of the 
Monsoon region. There are two sections in the 
subgenus Papeda, the section Papeda, comprising 
the typical species, and the section Papedocitrus, 
which is intermediate in character between the 
subgenus Citrus and the section Papeda, having 
flowers much like those of the subgenus Citrus 
and leaves like those of the section Papeda. The 
fruits are almost never eaten, but the acrid juice 
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of the fruits of the species belonging to the 
section Papeda is widely used by primitive 
peoples, especially Malays, Melanesians, and 
Polynesians, as a hair wash. 

As noted above in the discussion of the 
subgenus Citrus (see p. 369), the species of Citrus 
belonging to the subgenus Papeda have been 
shown by Tillson (1938, pp. 21, 30; also Tillson 
and Bamford, 1938, pp. 788, 790) to possess a 
decidedly simpler type of vascular anatomy of 
the flowers than do the species of the subgenus 
Citrus. In this important character the subgenus 
Papeda agrees with the other five genera (other 
than Citrus) included in the True Citrus Fruit 
Tree group. This fact will doubtless prove impor- 
tant in studying the course of evolution of the 
commonly cultivated species of Citrus, all of 
which belong to the subgenus Citrus. This makes 
it very desirable to learn much more than we 


now know regarding the species of papedas in 
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their relationship to the subgenus Citrus, on the 
one hand, and to the genera Clymenia, Micro- 
citrus, Eremocitrus, Poncirus, and Fortunella, on 
the other. Tillson’s discovery of a primitive char- 
acter in the papedas serves to emphasize how 
very different they are from the true oranges 
of the subgenus Citrus. 

The species which belong to the section 
Papeda have small flowers, 1.2 to 1.7 (rarely 2) 
cm in diameter, with free stamens not cohering 
in groups. The pulp-vesicles of all the species 
contain numerous globules of very acrid oil and 
are sometimes attached to the radial locule walls 
for one-half to three-fourths the distance from 
the dorsal wall to the center of the fruit. 

To facilitate an understanding of the sub- 
genus Papeda, the detailed key below was pre- 
pared to give a perspective view, as it were, of the 
taxonomic characters of the species that could 
not easily be obtained from independent descrip- 


DETAILED KEY TO THE SECTIONS AND SPECIES OF THE SUBGENUS PAPEDA 


A Flowers large (1.5-3 cm broad when fully open); mature stamens cohering at the bases into a few bundles; style 
well developed, stout, 2.5-4 mm long, 1-1.5 mm diam.; fruits subglobose, smooth, with 7-13 locules; leaves lanceo- 


late, often narrowed into an acuminate or even caudate tip; petioles ve 


long, sometimes longer than the leaf 


blade, often oblong-oblanceolate, rarely tapering with nearly straight sides to a cuneate base. (Section Papedo- 


citrus.) 


© SS OOOO ESSE SOE EEO EES RORS a RHOSE SS SESAEEHEOSESEESESASESES ET ERESSSSESESSESESESSCOUE 


eB FOR ew wwe eee SCENES OP ESO Se Soe EEE EEO RSE REST EM ASO HASSEESEESESSSTESTERS Sata OB SSSsesetSRVagsscelsen 


B Fruits small (3-4 cm diam. in dried state, probably 3.5-5 cm when fresh), with 7-9 locules; pulp-vesicles very 
few; seeds few, large, very thick, 12-18 X 12-18 X 7-9 mm, more or less angular from mutual pressure; 


flowers 2.5-3 cm diam. (Central and southwestern China.) .....0........0..::ccssccccesssecceecseeecesseeeesenes 11) C. te 


ngensis 


BB Fruits medium-sized (about 5 cm diam.), with about 9 locules; pulp-vesicles few, fairly large, spindle-shaped, 
with thick membranes and very short stalks; seeds numerous, medium-sized, rather flat, 5-7 in a nearly vertical 


row in the locule, eer 
eastern India: Khasi Hills, 


ASSAM), )............000ccceeseeeeees 


parallel to the axis of the fruit; lowers medium-sized, about 1.5-2 cm diam. (North- 
SS ROO een SUT ORR Err n Ween Men SEEM TEREST ae 12) C. latipes 


AA Flowers small (usually less than 2 cm diam.), with the stamens free or almost free from the beginning; style short, 

thick, usually 3-4 mm long; seeds medium-sized or small, flat, not angled. (Section Papeda.).................-.::+:-0eeeeeeee C 

C Ovaries with few tocules (6-8); flowers very small (1.2-1.3 cm diam. or less), 4-merous; fruits blunt-pointed, ob- 
ovoid, 5-7 xX 3-4 cm, rather rough; seeds many, flat. (Southern Philippines: Cebu, Bohol, Negros, Mindanao.) 


13) C. micrantha 


[A dwarf variety with very minute flowers (5-9 mm across); fruits subglobose, 7-9 locular, very small (1.5-2 
cm diam.). (Southern Philippines: Cebu and Bohol.)...................::c::ssceeceeees 13a) C. micrantha var. microcarpa) 
CC Ovaries with many locules (10-20); flowers medium-sized (1.3-2 cM ACrOSS)...........-22:cs:ceceeceseeceesesceecsseesseeeseseneees D 


D Ovaries with 15-20 locules; fruits spherical, large (about 10 cm diam.), with 15-20 se 


ents, peel very 


thick (about 3 cm); winged petioles often longer than the leaf blade and usually wider. (Northeastern 
Cele eS ecclesia i At Ri a Maa ue lsc tere tenant sate rare aa Auta aia ee Ou aat cen 14 C. celebica 
[A thin-skinned variety with oval fruits, 4.5-5.5 x 5.5-6.5 cm, and numerous segments (15-19); has winged 
petioles usually shorter and always narrower than the leaf blade. (Southern Philippines: Bohol, Mindanao.) 


14a) C. celebica var. southwickii] 


DD Ovaries with 10-12 or 13 locules; fruits medium-sized (or small)............0.0000000cccccceescseeceececeeeesesseecseeeeeeeceenes E 
E Leaves very large (15-22 x 4.5-6.5 cm) blades lanceolate, acute at tip, cuneate at base; winged peti- 
oles very large, 4 as long or equaling and as wide as the blade, sides subentire, often parallel, or near- 
ly so, for some distance; fruits 5-6 cm diam., with 10-13 segments, subglobose, smooth. (Indo-China, 
Philippines, New Guinea, New Caledonia, and Fiji.)...................2::csssssseceseeeceseeeeneeees 15) C. macroptera 
[Fruits larger, 8-9 cm diam.; peel thicker, 12-14 mm. ........................ 15a) C. macroptera var. kerrii] 
[Petioles very long, narrow, 7-11 x 3.5-4 cm; fruits depressed globose, 4.5 X 5.2 cm; peel 3-4 mm 

thick 
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sca seria drole nesatiaenaatiesuvasts 15b) C. macroptera var. annamensis] 


EE Leaves medium-sized or small (8-12 x 3-5 cm), blades often blunt at the apex and rounded at the 
base, with crenate margins; winged petioles often subcordate, not parallel-sided, crenate; fruits with 
10-14 segments, usually broad-ovoid, more or less pointed at base and tip, usually rough, often very 
rough and bumpy, medium-sized (4-6 cm equatorial diam.). (Timor and other East Indian islands, 


southeastern Asiatic mainland.)................... 
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tions, no matter how detailed they might be. 


Subgenus Papeda Section Papedocitrus 


Flowers large (1.5-3 cm broad when open); sta- 
mens at first coherent nearly to the tips, but separating 
later into a few bundles, connate only at the base; winged 
petioles long-elliptical with more or less parallel sides; 
seeds crowded, often very short, very thick, and angular. 

The section Papedocitrus comprises two 
species growing in southwestern China, north- 
eastern India, and northern Burma, far to the 
north of the range of the species that constitute 
the section Papeda. Section Papedocitrus is in- 
termediate in its flower characters between the 
section Papeda and the subgenus Citrus, but 
the pulp-vesicles contain numerous droplets of 
acrid oil and the winged petioles often equal 
the area of the leaf blade, just as in the section 
Papeda. 

The fruits of the species of this section 
do not seem to be used by primitive peoples for 
washing the hair, but it is believed by some 
that in China the fruits of C. ichangensis were 
anciently, and perhaps still are, used in medi- 
cines. Striking hybrids have arisen in China 
between this species and species of the subgenus 
Citrus. One of these hybrids, the Ichang lemon, 
is cultivated on a small scale by the Chinese. The 
Yuzu, which shows many points of similarity with 
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C. ichangensis, is doubtless another of these hy- 
brids; it has been known in China since ancient 
times and is widely grown both in northern 
China and in Japan. 

11. Citrus ichangensis Swing. Jour. Agr. 
Res. 1:4 (excluding fruit). 1913. Illus. Swingle, 
loc. cit. pl. 1, figs. 1, 4-7 (excluding figs. 2, 3 of 
fruit); fig. 3-47 this work. 

Type.—China, Hupeh Province, Hsing shan dis- 
trict (E. H. Wilson). Herb. Arnold Arbor., Harv. Univ., 
Cambridge. 

Distribution—West-central and southwestern 
China: Hupeh, Szechwan, Kweichow, and Yunnan prov- 
inces. 

Common name.—Ichang papeda. 

A spiny shrub or small tree usually 5-15 ft. [1.5- 
4.6 m] high; twigs angular when young, with stout, sharp 
spines, 1.5-2.5 cm long, often reduced or lacking on 
lowering twigs; leaves narrow, 4-6 times longer than 
wide, mostly 8-11.5 x 1.8-3 cm; petioles very large, 
broadly winged, obovate or oblong-spatulate, evenly 
rounded at the tip and narrowed abruptly at the base, 
usually 3.5-6 x 2-3 cm; leaf blade ovate-acuminate, often 
more or less caudate, emarginate at the tip and evenly 
rounded or bluntly pointed at the base, usually 3-6 x 
1.8-3 cm, often not equaling the winged petiole in area; 
flowers 2.5-3 cm diam., 5-merous; sepals thick, 3 mm long 
and 3 mm wide, with minutely ciliate margins; petals ob- 
long, 1.5-2 x 0.5-0.8 cm, white; stamens 20, at first all 
connate to the tips, finally breaking up into several 
bundles, about 10 mm long; pistil about 10 mm long; 
style very short, caducous; stigma nearly as large as the 





Fig. 3-47. Citrus ichangensis. Foliage, mature fruit, and seeds. (Photo by W. P. Bitters.) 
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ovary; ovary with 7-9 locules, ovules numerous in each 
locule: fruits small, glabrous, 3-4 cm diam. in dried speci- 
mens (probably 3.5-5 cm when fresh), peel rough, 2-4 
mm thick in dried specimens; seeds large, very thick, 12- 
18 x 12-18 X 7-9 mm in dried material, very blunt at 
both ends, with a chalazal cap about 12x 5 mm, appar- 
ently monoembryonic. 

This species differs from its congeners in having 
large, very hick eens and slender leaves 4-6 times longer 
than broad, with very large, winged petioles often as 
large or larger than the blade. It differs from C. hystrix in 
having oblong, rather than triangular, winged petioles 
and much larger flowers with connate stamens. (See fig. 
3-47.) 

This remarkable plant,?* which grows in 
a truly wild state in central and southwestern 
China, is doubtless the most cold-resistant of all 
the evergreen species in the orange subfamily. It 
differs greatly from the other species in the sub- 
genus Papeda in having large flowers, partly con- 
nate stamens, and large, very thick seeds, which 
are nevertheless monoembryonic. The leaves also 
differ from those of all other species of Papeda 
in having extremely long but rather narrow 
winged petioles, often exceeding in area the 
slender, pointed, lanceolate leaf blades. 

In 1926, Swingle brought to this country 
a healthy young seedling of this plant from 
Hupeh Province, grown for him at Nanking, 
China, by C. C. Hu. As C. ichangensis is the 
hardiest known evergreen species of Citrus, it 
is of great interest for use in breeding cold- 
resistant hybrids, such as the Ichang lemon 
and Yuzu. 


HYBRIDS OF CITRUS ICHANGENSIS 


Ichandarins [Citrus ichangensis X C. retic- 
ulata cv. satsuma group]. 

An ichandarin was produced by the citrus 
experts of the former Bureau of Plant Industry 
(now encompassed by the Agricultural Research 
Service) by applying the pollen of the Ichang 
papeda to properly prepared flowers of the sat- 
suma orange. Naturally all chances of foreign 
pollen reaching the crossed flowers were ex- 
cluded, and of course the stamens of the satsuma 
flowers had been cut away before any pollen 
had matured. 

The leaf blades of this hybrid are broadly 
elliptical, 6 to 8.5 by 2 to 4 cm, slightly acumi- 
nate at the tip and cuneate at the base (angle 
70° to 85°), margins minutely serrulate, dentate 
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above the middle. The leaf blades differ only 
slightly from those of the Yuzu, a hybrid in which 
the leaf blades are more acuminate at the tip and 
more broadly rounded at the base. The winged 
petioles are obovate, oblanceolate, or elliptical, 
broadly rounded at the tip and gradually nar- 
rowed into the base when the petiole is merely 
margined. The petioles are so much like those 
of the Yuzu that it is often impossible to dis- 
tinguish between them with certainty. This hy- 
brid is of interest chiefly in that it throws light 
on the origin of the Yuzu, a well-known Chinese 
and Japanese citrus fruit tree. 

It is very probable that if some strain of 
C. reticulata other than the satsuma, for example 
the tangerine or the Willowleaf mandarin, had 
been used as one of the parents the leaf blade 
would have been more acuminate at the tip and 
more broadly rounded at the base, i.e., like the 
leaf blade of the Yuzu, which is doubtless such 
a hybrid. 

Yuzu [Citrus ichangensis < C. reticulata 
var. austera ?). 

Illus. Takahashi, Kankitsu Saibai 112, fig. 
31. 1912; Makino, Shokubutsu Dzukan 1064, fig. 
2022. 1917; Tanaka, Jour. Hered. 13: pl. facing 
p. 243. 1922; Hu, Nogyo Oyobi Engei 5:1637- 
1638, figs. 34-37. 1930; idem, Calif. Citrog. 16:544, 
pl. 2, fig. 15. 1931; idem, Jour. Agr. Ass. China 
Nos. 126--127: 58, fig. 15. 1934; Murakoshi, Nai-gai 
Shokubutsu Genshoku Dai-zukan 5:118, pl. 24, 
fig. 251 (col.). 1935. 


The Yuzu is a medium-sized spiny tree; leaves 
lanceolate-acuminate, with rounded bases but with 
pointed, usually accuminate tips, slightly crenulate-mar- 
gined toward the tips, leaf blades 5-7 x 2.5 X 3.5 cm; 
winged petioles obovate, 18-30 X 6-15 mm, with entire 
or very ee crenulate margins; fruits depressed-globose, 
usually with 10 locules, 5-7 cm diam., 4.5-5.5 cm high, 
with a rough, bumpy peel, greenish in color when ripe; 
pulp very acid, and somewhat bitterish; seeds plump, 
about 12-14 X 7-8 x6-7 mm. 


This well-known citrus fruit tree of China 
and Japan is doubtless another ichandarin re- 
sulting from an accidental cross-pollination of 
some cultivated variety of the mandarin orange 
by the Ichang papeda, probably accomplished 
by some insect. The Yuzu is unlike either parent 
species in many important taxonomic characters; 
however, there has been little opportunity to 
learn its characters or experiment with it since 


27 Unfortunately, the original description covered fruits of the so-called Ichang lemon collected by E. H. Wil- 
son in Hupeh Province. At that time they were believed to be from a cultivated form of C. ichangensis. Seeds of these 
fruits were introduced into the United States about 1914; trees grown from them have leaves entirely different from the 
true Ichang papeda. The so-called Ichang lemon is probably a hybrid of C. ichangensis with a species of subgenus Cit- 


rus (see pp. 390-92). 
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one parent, C. ichangensis, is a wild species (ap- 

arently never cultivated in China) that was not 

iscovered until 1913. The hybrid nature of the 
Yuzu was not known even in the Orient, where 
C. ichangensis is a botanical curiosity. As has 
been described above, hybrids that show aston- 
ishing similarity to the Yuzu have now been 
produced in this country between the Ichang 
papeda and the satsuma orange (a form of C. 
reticulata). 

The Yuzu is sparingly cultivated in north- 
central China, in Kiangsu, Chekiang, Hupeh, and 
Kansu provinces, and in the plateau regions of 
southwestern China and as far south as Yunnan 
Province. It is more commonly grown in Japan, 
both for its acid fruits, which are used as a sub- 
stitute for lemons or limes, and as a rootstock 
for the satsuma and other cultivated varieties of 
citrus fruits. 

Meyer, in October, 1914, found this hardy 
citrus fruit tree in northwestern China, in the 
latitude of Atlanta, Georgia, at Hsi-Chi village, 
near Siku (Lat. 33° 44’ N., Long. 104° 30’ E.), 
in the southern Dent of Kansu Province. It was 

owing at an altitude of 610 to 1,372 meters 
(2,000 to 4,500 ft.) along with walnuts, persim- 
mons, pomegranates, and the Trachycarpus palm. 
Meyer (1918) described the fruit as follows: “The 
fruits were loose-skinned, round flattened, the 
size of mandarin oranges, color of rind light yel- 
low; rind full of oil glands, smelling like a fine 
lemon; segments separating easily; fairly juicy 
and of an agreeable sharp sour taste; contains 
plenty of large seeds.” Meyer’s photograph, taken 
at Hsi-Chi, Kansu Province, was published by 
Tanaka (1922, pl. facing p. 243). 

Two strains of this hybrid grown in north- 
central China were described by Hu (1934, pp. 
47-48). They are: (1) hsiang chéng (aromatic 
ch’éng), a name current in Chekiang and Kiangsu 
provinces; and (2) Lo han ch’éng (Buddhist dis- 
ciple Ch’éng), a name used in Tang-ch’i, Cheki- 
ang Province. Hu (1930) has shown the first in 
his figures 34 and 35 and the second in figures 
36 and 37. 

Tanaka has directed attention (1933b) to cer- 
tain Chinese records which seem to prove that 
this plant was known and cultivated in ancient 
China under the name yu. This name is still 
used for it in Japan but not in China, where the 
name is now applied to the pummelo (C. grandis), 
a very different species having much larger fruits 
with agreeably flavored sweet pulp. The Yuzu 
is now called ch’éng tzu in China and was so 
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called as early as 1108 a.p. by Tang Shén-wei 
in his great illustrated herbal, the Chéng lei pén 
ts‘ao, published in that year. 


In the “Spring and Summer Annals” of Lit 
Pu-wei, who died in 237 B.c., the yu of that 
epoch was described as follows (as translated by 
Michael J. Hagerty): “Some are sweet and some 
are sour. The sour are called hu kan or Barbarian 
sweet. At present the common people sometimes 
speak of the ch’éng as yu but this is wrong.” This 
last sentence proves, as noted by Hagerty, that 
there were already in the third century B.c. two 
different fruits called yu. It seems probable that 
the Japanese name yuzu, which corresponds to 
yu tzu in the Chinese spoken language, has been 
kept with its ancient meaning in Japan, but that 
the meaning has for many centuries been lost in 
China 

The Yuzu was named Citrus junos (as a 
good species) by Tanaka but, as has been shown 
above, it is very probably a hybrid of the Ichang 
papeda and some Chinese cultivated variety of 
the mandarin orange and therefore cannot be 
recognized as a good botanical species. 

The Yuzu is worthy of trial as an acid fruit 
for the home garden in subtropical or warm- 
temperate climates that are too cold to permit 
the growth of other acid citrus fruits. The Yuzu 
was formerly used widely in Japan as a rootstock 
for the satsuma orange, but now the trifoliate 
orange is almost exclusively used in nurseries 
which propagate the satsuma on a large scale, 
doubtless partly because seeds of the Yuzu are 
only to be obtained in moderate quantity from 
fruits that have a market value, whereas trifoliate 
orange seeds can be had in large quantity from 
fruits that are of no value. 

Nagai and Takahashi (1928, pp. 2018- 
22, and 1925 [in Japanese]) found that of the 
five following rootstocks—Yuzu, sweet orange, 
sour orange, trifoliate orange, and Japanese sum- 
mer orange (Natsudaidai)—the Yuzu gave the 
best results when approach-grafted in order to 
rejuvenate Thomson navel trees on trifoliate 
orange rootstocks. The sweet orange did nearly 
as well, but it is subject to foot rot, a disease 
that does not attack the Yuzu. 


Shangyuan, or Ichang lemon [Citrus ichan- 
gensis X C. grandis var. ?]. 

Illus. Swingle, Jour. Agr. Res. 1: figs. 2-3. 
1913; Hu, Calif. Citrog. 16:544, fig. 18. 1931; 
idem, Jour. Agr. Ass. China Nos. 126-127: 61, fig. 
29. 1934. 
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Distribution—China: Lower valley of Yangtze 
River in Hupeh, Anhwei, Kiangsu, and Chekiang prov- 
inces; sparingly cultivated. 

An erect, much branched tree with lower 
branches short, giving the tree a columnar outline; twigs 
glabrous, spiny; leaves ovate, ovate-lanceolate, or ovate- 
acuminate, apices sometimes minutely emarginate, some- 
times bluntly pointed, margins obscurely crenulate, leaf 
blades about 3 times as long as the petioles, 6-9 X 2.5- 
3.5 cm, glabrous, tips rounded, margins subentire; petioles 
more or less broadly winged, 20-25 X 6-12 mm; fruits 
large, 8-11 x 7-10 cm, broadly obovate, usually with a 
low mammillate tip surrounded by a shallow furrow; peel 
thick, 7-10 mm, lemon yellow when ripe, very fragrant; 
oil glands concave; segments 10 or 11 with numerous 
large seeds, 4-6 per segment, usually 16-20 (sometimes 
longer) X 9-12 X 7-10 mm, tapering into a flattened 
truncate base, sometimes polyembryonic ; poe very acid, 
but with a strong, aromatic aftertaste; pulp-vesicles fusi- 
form, 8-10 x 2-4 mm, on stalks 2-8 mm long, with a 
central streak of minute granules of acrid oil. 


The Shangyuan, or “Ichang lemon,” which 
was introduced into the United States about 
1914, has proved to be very resistant to winter 
cold. In southern Alabama it has endured with- 
out harm temperatures that injured or killed most 
of the satsuma orange trees of the same age grow- 
ing near by, although the satsuma is a very cold- 
resistant variety. At first the plant was supposed 
to be C. ichangensis but was soon found to be 
very different, as it has very much larger fruits 
and very much smaller winged petioles; it is, in 
fact, a hybrid. There is some variation among 
different trees of the Ichang lemon growing in 





Fig. 3-48. Citrus latipes. Left, leafy twig. Right, mature fruit and seeds. (Photo by W. P. Bitters. ) 
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China, such as is found among other violent 
hybrids of Citrus. 

Hu in 1930 named this hybrid Citrus gran- 
dis var. Shanyuan; the next year he corrected 
the spelling of the varietal name to read Shang- 
yuan (1931, p. 544). He noted the similarity of 
this tree to the pummelo but stated that the fruits 
are smaller and have a bitter taste. He considered 
it to be a hybrid of the pummelo. He also re- 
ported (1930) that it is grown in the lower valley 
of the Yangtze River, in Anhwei, Kiangsu, and 
Chekiang provinces; later (1931) he stated that 
the fruit, though ornamental, is not eaten and 
that the tree is hardy enough to be grown in 
Nanking. 

-Hu’s varietal name for this hybrid is a 
phonetic rendering of the Chinese name for it, 
namely, Hsiang ytian, or “Fragrant ball,” an allu- 
sion to its pleasing aroma. Tanaka (1932a, p. 32) 
changed Hu’s name to a botanical one, Citrus 
hsiangyuan Hort. Later he named the hybrid 
Citrus wilsonii (1932b, p. 37), but stated: “The 
present species unquestionably has Citrus junos 
in one parent and seems to be a cultigen origi- 
nated through the chance seedling.” 

There is no valid reason for calling this 
plant a botanical species, as it is undoubtedly 
a chance hybrid that arose under cultivation. Its 
resemblances to the Yuzu, remarked by Tanaka, 
are doubtless due to the fact that both the Yuzu 
and the Ichang lemon, or Shangyuan, are hybrids 
of C. ichangensis with two different species of the 
subgenus Citrus. Fortunately, the International 
Code of Botanical Nomenclature (Lanjouw, 1961, 
p. 31) now gives a very simple method of citing 
such sports and cultigens under the name of the 
species from which they arose by giving the va- 
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riety name in some living language (not in Latin) 
following the species name and surrounded by 
single quotes. Under this rule any cultivated 
form of a species of Citrus can be cited after the 
species name under its common name; for exam- 
ple, C. sinensis ‘Hamlin’ or C. reticulata ‘Dancy.’ 
Many of the complex hybrids of Citrus can best 
be handled in this way until their origin is worked 
out experimentally. 

In China, the ripe fruits of the Ichang 
lemon are used to Shae rooms or cabinets. 
In the United States, the fruit has been occasion- 
ally used to make lemon pie, the heat of baking 
evidently driving off the acrid oil that gives a 
disagreeably strong odor to “lemonade” made 
from the juice; some who have made pies from 
Shangyuan juice prefer them to regular lemon 

ies. 

, The Ichang lemon is a very hardy plant 
and deserves trial as a rootstock in this country, 
where it grows vigorously. It produces very nu- 
merous large seeds that should make it easy to 
grow in the nursery. It also produces pollen freely 
and hybridizes spontaneously with the satsuma 
ote if growing near by; doubtless it could be 
crossbred with other forms of citrus fruits as 
well. It should be used in breeding new hybrids 
for trial as rootstocks or as acid fruits for home 
use in the cotton belt. 


12. Citrus latipes (Swing.) Tan. Studia 
Citrol. 2:155. 1928. Citrus ichangensis subsp. 
latipes Swing. Jour. Agr. Res. 1:12. 1913. Illus. 
Tanaka, Kankitsu No Ke (Citrus Studies), 
79, fig. 72, also 167, fig. 136 (1). 1933; fig. 3-48 
this work. 

cs paar ie er British India, Khasi Hills, 
Living Bridge (Hooker f. and Thomson). Herb. Kew. 

Distribution.—Northeastern India: Khasi Hills; 
northern Burma; grows in the mountains at considerable 
elevation, 500-1,830 m [1,640-6,000 ft.]. 

Common name.—Khasi papeda. 

A thorny tree similar to C. ichangensis but having 
leaf blades more variable in size and shape and with the 
tips subacute or even bluntly rounded, not apiculate or 
subcaudate with blunt points as in C. ichangensis. The 
flowers, instead of being borne singly in the axils of the 
leaves as in C. ichangensis, are sometimes, at least, borne 
in small axillary racemes with 5-7 flowers. These latter 
flowers are much smaller, are 4-merous (instead of 5- 
merous as is the large single flower of C. ichangensis), and 
all the parts are smaller. However, the fruits are bore 
singly and resemble those of C. ichangensis except for 
having a thicker peel, of which the inner layer is chalky 
white just below the outer green layer. The seeds are also 
smaller and more numerous than those of C. ichangensis 
and are arranged 5-7 in each segment. 

The following is a detailed description of flowers 
and fruits (after Tanaka, 19282, p. 155): Inflorescences 


Google 


THE CITRUS INDUSTRY 


racemose, having 5-7 flowers; peduncles short, 5-8 mm, 
pubescent; icels 7-8 mm long, moderately thick, be- 
coming thicker at the upper end where they join the calyx, 
striated, glabrous; flower buds medium-sized, ovoid, about 
7 < 9 mn, rounded at the apex, showing oil glands in- 
distinctly at the surface; calyx discoid, 4 mm diam., lobes 
4, broad, semicircular, wrinkled, re ae convex at the 
tip and curving outward, rather thick, slightly pubescent 
at margins, glabrous above; flowers, when open, 1.5 cm 
diam.; petals 4, spreading horizontally, thick, oval; sta- 
mens 18-20, 7-8 mm long and about 1 mm wide, fila- 
ments almost free at the tip but arranged in 6-7 grou 
each composed of 3-4 united together at the bases, thick, 
flat, wrinkled, pointed at the tip; anthers oval or elliptic- 
oval, about 1.5 mm long, pointed, with small gland at the 
apex; pistils shorter than stamens, about 7 mm long; 
ovaries depressed-globular, 2 mm diam.; styles rather 
stout, 2.5 mm long, 1 mm diam., einen elas oar 
with the ovary; stigmas large, depressed-globose, 1.5-2.5 
mm diam., with 4 sometimes indistinct’ furrows; fruits 
medium-sized, almost globular, slightly compressed at 
both ends; oil cells moderately small, more or less equal 
in size, rather dense, convex; peel somewhat thick, com- 
posed of rather dense tissue; central column (axis) of even 
width, moderately large; segments 9, fairly large, outer 
margin very much rounded, inner margin also rounded; 
pulp-vesicles few, fairly large, spindle-shaped, not short, 
relatively well developed with a thick membrane, stalks 
very short; seeds numerous, arranged 5-7 in each row, 
rounded, moderately large, parallel and horizontal. 

This species was founded on plants col- 
lected in the Khasi Hills of northeastern India, 
but very similar forms are found in the moyn- 
tains of northern Burma. The type specimen in 
the Kew Herbarium on which Swingle based C. 
latipes (1913c, p. 12) has a fruit in cross section 
measuring 5 cm in diameter, peel 5 to 6 mm 
thick, with nine segments. 

In view of the extreme cold-resistance of 
the typical C. ichangensis (and its hybrid, the 
so-called Ichang lemon) it would be well worth 
while to introduce C. latipes into the United 
States and see if it also is hardy and perhaps of 
value for use in breeding new hardy acid citrus 
fruits and hardy rootstocks. 


Subgenus Papeda Section Papeda 


Subgenus Papeda Section Eupapeda 
Swing. in Webber & Batchelor, Citrus Indus. 
1:432. 1943. 

Flowers small (less than 2 cm, often less than 1.5 
cm diam.); stamens free from the beginning; winged ied 
oles broad, and more or less triangular; seeds small or 
medium-sized, not angular, much longer than broad. 

The species of the section Papeda of the 
subgenus Papeda are remarkable in having very 
large winged petioles and small flowers (often 
very small) with free staminal filaments. The 
pulp-vesicles contain numerous droplets of acrid, 


bitter oil that gives the pulp a very disagreeable 
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taste. The pulp-vesicles are often attached not 
only to the dorsal walls of the locules, but also 
to the radial walls for one-half to three-fourths 
the distance from the dorsal wall to the central 
core of the fruit. In this character these species 
approach Clymenia. 

As a result of the widespread use of the 
fruits by natives, these species have come into 
culture on a small scale about villages throughout 
the East Indies and in Melanesia and Polynesia. 
In this way these species have been exposed to 
cross-pollination not only with other species of 
the Papeda group but also with edible-fruited 
species of the subgenus Citrus grown as door- 
yard trees. 

Rumphius, near the close of the seven- 
teenth century, described and figured many 
forms of the Papeda group found growing in 
Amboina and in other islands of the East Indian 
Archipelago; his observations were published by 
Jan Burmann in 1741-1755 (Herbarium Amboi- 
nense, vols. 2 and 5). Wester (1913; 1915, 1917a, 
1917b, and 1924) published good descriptions and 
photographic illustrations of many forms of the 
section Papeda group found growing wild or cul- 
tivated on a small scale in the Philippine Islands, 
especially in the southern islands, Bohol, Cebu, 
Negros, and Mindanao. Several forms are likewise 
found in the southern half of Luzon, the north- 
ernmost island. 

It is clear from the works of Rumphius 
and Wester that the species of the section Papeda 
have been very extensively hybridized, almost as 
much so as those of the subgenus Citrus. 

However, many of the species of the sec- 
tion Papeda group still occur in a truly wild 
state in the primeval forests of southeastern Asia, 
the East Indies, New Guinea, and neighboring 
islands. In these species and varieties it is thus 
possible to see the unobscured results of many 
million years of evolution, whereas in the edible- 
fruited species, varieties, and forms belonging to 
the subgenus Citrus the results must be sur- 
mised rather than directly observed. The pape- 
das, because of their acrid, disagreeable flavor, 
have not been considered by citrus experts of 
sufficient value to merit study. However, hybrids 
between the species of the subgenus Papeda and 
species of the subgenus Citrus have been known 
to yield rootstocks very well adapted to support 
the commonly cultivated citrus fruit trees. Sev- 
eral of the wild species of papedas are very 
vigorous and deserve trial as rootstocks for the 
edible species of citrus. Nothing is known about 
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the vitamin C content of the papedas or about 
which glucosides, if any, they contain. 

13. Citrus micrantha Wester, Phil. Agr. 
Rev. 8:20, pls. 5c, 6b. 1915. Citrus macroptera 
var. micrantha (Wester) Tan. Trans. Nat. Hist. 
Soc. Formosa 22:430. 1932. Illus. Wester, loc. cit. 
pls. 5c, 6b, and Phil. Bur. Agr. Bul. 27: pl. 12. 
1913. 

ae pees Bohol (Wester, No. 4829). 
Herb. Bur. Sci., Manila. 

Distribution.—South Philippines. 

Common name.—Small-flowered papeda. Native 
name: Biasong. 

The original description of this species by Wester 
reads as follows: “A tree attaining a height of 7.5 to 9 
meters, with comparatively small but sharp spines; leaves 
9 to 12 centimeters long, 27 to 40 millimeters broad, 
broadly elliptical to ovate, crenate, rather thin; base 
rounded or broadly acute; apex acutely blunt pointed; 
petioles 35 to 60 millimeters long, broadly winged, up to 
40 millimeters wide; wing area sometimes exceeding leaf 
area; flowers small, 12 to 13 millimeters in diameter, 
white, with a trace of purple on the outside, 2 to 5, in 
axillary or terminal cymes; petals 4; stamens free, equal, 
15 to 17; ovary obovoid, locules 6 to 8; style slender; 
distinct; fruit 5 to 7 centimeters long, 3 to 4 centimeters in 
transverse diameter, averaging 26 grams in weight, obovate 
to oblong-obovate, somewhat compressed towards base; 
apex blunt pointed; surface fairly smooth or with trans- 
verse corrugations, lemon yellow; skin comparatively 
thick; pulp rather juicy, preyish, acid; aroma similar to 
that of samuyao; juice cells short and blunt to long, slen- 
der and pointed, sometimes containing a minute greenish 
nucleus; seeds many, flat, pointed, more or less reticu- 
late.” 

This species stands out from all others of the 
subgenus Papeda because of its very small 4-merous 
flowers, only 1.2-1.3 cm diam. when open. The fruits are 
oval or obovate, blunt-pointed at both ends, 5-7 cm long 
but only 3-4 cm wide, with very few locules (only 6-8). 
The leaves have broadly ovate blades, blunt-pointed at 
both ends, 3.5-6 cm long, 2.7-4 cm wide. The broadly 
winged petioles, measuring 3.5-6 x 3.5-4 cm, have a 
nearly straight or slightly curved top and gradually curved 
sides, tapering to a blunt base. Seeds many, flat (2.5-3 
mm thick). 


This species is sparingly cultivated in the 
southern Philippine Islands (Cebu, Bohol, Ne- 
gros, and Mindanao), where it is called biasong. 
Wester stated that the fruit of this species is used 
as a hair wash but is not eaten and is of no eco- 
nomic importance. 


13a. Citrus micrantha var. microcarpa 
Wester, Phil. Agr. Rev. 8:21, pl. 7b. 1915. Illus. 
Wester, loc. cit. pl. 7b, and Phil. Bur. Agr. Bul. 
27: pl. 14. 1913. 

Distribution.—Southern Philippines: Cebu and 
Bohol. 


Common name.—Small-fruited papeda. Native 
name: Samuyao. 
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The original description of this variety by Wester 
reads as follows: “A shrubby tree, 4.5 meters tall, with 
slender branches and small, weak spines; leaves 55 to 80 
millimeters long, 20 to 25 millimeters broad, ovate to 
ovate-oblong or elliptical, crenulate, thin, of distinct frag- 
rance, base rounded to broadly acute; apex obtuse, some- 
times notched, petioles 20 to 30 millimeters long, broadly 
winged, about 14 millimeters wide, wing area somewhat 
less than one-half of the leaf blade; flowers in compact 
axillary or terminal cymes, 2 to 7, small, 5 to 9 milli- 
meters in diameter, white, with trace of purple on the out- 
side; calyx small, not cupped, petals 3 to 5; stamens 15 
to 18, free, equal; ovary very small, globose to obovate; 
locules 7 to 9, style distinct; stigma small, knob like; 
fruit 15 to 20 millimeters in diameter, roundish in outline; 
base sometimes nippled; apex an a to wrinkly lek 
surface corrugate, greenish lemon yellow; oil cells usu 
sunken; skin very thin; pulp fairly juicy, acid, bitter wi 
distinct aroma; juice cells very minute, blunt, containing 


a small nucleus; seeds small, flattened, some- 
times becked.” 


The samuyao was found by West and 
Brown (1920, pp. 208-09) to yield from the rind 
“a clear, almost colorless oil which is very fra- 
grant. It should be useful as a perfumery oil.” 
The peel yielded 1.29 per cent of oil. They stated 
that the crushed fruits are used by the women 
of Cebu for cleansing the hair and are added to 
coconut oil to give it fragrance when applied 
to the hair. The tree bears within five years from 
planting and produces fruits during the entire 
year, but more abundantly during the rainy sea- 
son. West and Brown (1920, fig. 70) show the 
fruits as distinctly pyriform, broadly rounded at 
the tip and tapering into a narrow, conical base. 

This variety has the smallest fruit and the 
smallest flowers of any True Citrus Fruit Tree 
known but curiously enough has more segments 
in the fruit (seven to nine) than C. micrantha 
(six to eight), although the fruits of the latter 
are much larger, 5 to 7 by 3 to 4 cm, instead of 
1.5 to 2 cm, as in the variety microcarpa. 

Wester stated (1915, p. 22) that in Bohol 
Island, P.I., “a somewhat more vigorous variety 
of the samuyao was found that is called samuyao- 
sa-amoo” which has “fruits a little larger, and 
smoother, and longer than broad, otherwise simi- 
lar to the samuyao.” This description calls to 
mind Rumphius’ Limonellus aurarius, the gold- 
smith’s lime, which occurs sparingly in Amboina, 
Moluccas, and Ternate, a few hundred miles 
directly south of Bohol. According to Rumphius 
(1741, vol. 2, p. 109, pl. 30), the fruits of this 
plant are the smallest of all the limes (his figure 
shows ovoid fruits 2.5 to 3 by 2 to 2.5 cm) and 
the leaves are also small, only 3 inches long in 
all, about one-third of which represents the cor- 
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date, winged petiole. The fruits are not eaten 
but are used by goldsmiths to clean gold objects. 
The fruits also enter into native medicines. 

Both C. micrantha and its variety micro- 
carpa are of much scientific interest, as they are 
perhaps the most primitive members of the sub- 
genus Papeda, itself the most primitive group of 
species of the genus Citrus. 


14. Citrus celebica Koord. Fl. N. O. Cele- 
bes, Mededeel. uit ’s Lands Plantent. 19:639, also 
370. 1898. Illus. Koorders, Suppl. Fl. N. O. Cele- 
bes 2: pl. 19. July, 1922; loc. cit. 3:pls. 10-11. 
December, 1922. 

Type.—Northeastern Celebes (Koorders). Hort. 
Bot. Buitenzorg, Java (now Kebun Raya, Bogar, Java). 

Distribution —Northeastern Celebes, southern 
Philippines. 

Common name.—Celebes papeda. 

Leaves with small, lanceolate, subcrenulate 
blades, 4.5-5.5 x 2.5-3.5 cm; winged petioles larger than 
the blades, 5-6.5 cm long, 3-3.4 cm wide, oblanceolate, 
with a subcordate or slightly curved upper end and grad- 
ually rounded sides tapering into a deltoid base, having 
from 5-10 mm of the petiole almost wingless; margins 
faintly crenulate; flowers occurring in 3- to many- 
flowered spikes or small cymoid clusters in the axils of 
the leaves; flowers medium-sized, 15-17 mm when open, 
4-5-merous; ovary reversed-pyriform, tapering Sarply 
below, broadly rounded at the tip with many (17-20) lo- 
cules; style short, 5-6 mm; stamens short, free; fruits large 
(10 cm diam.), globose, with a very thick peel (about 3 
cm); seeds small, probably monoembryonic. 

A small tree 5 m high, growing in a wild state in 
primeval forests at Karowa, in extreme northeastern 
Celebes (Minahasa) (Lat. 1° 15’ N., Long. 124° 45’ E.); 
fruits inedible. 

The original description of this species 
published in 1898 was not adequate to show its 
nature clearly, as the description did not give 
the number of locules in the ovary, an important 
character in the subgenus Papeda. Twenty-four 
years later C. celebica was fully figured; then it 
became clear that this species was distinct from 
C. macroptera. 


14a. Citrus celebica var. southwickii (Wes- 
ter) Swing. Jour. Wash. Acad. Sci. 28:533. 1938. 
Citrus southwickii Wester, Phil. Agr. Rev. 8:16- 
17, pls. 3c, 4c. 1915. Illus. Wester, loc. cit. pls. 
3c, 4c, and Phil. Bur. Agr. Bul. 27: pl. 16b. 1913 
(fide Wester, loc. cit. 1915 = C. southwickii). 

Type.—Philippines, Bohol (Southwick, Wester). 
Herb. Bur. Sci., Manila. 

Distribution.—Philippines: Bohol and Mindanao. 

This plant appears to be a variety of Citrus cele- 
bica, with which it agrees in having very numerous lo- 
cules (15-19) in the ovary. It also agrees well in flower 
characters, especially in the short style and the ovary 
tapered toward the base, but differs in having smaller 
fruits with thin peel, and in having the blade of the leaves 
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decidedly larger than the winged petioles and often much 
blunter-pointed. The winged petioles are similar to those 
of C. celebies but decidedly smaller. Both the species and 
the variety have smooth fruits. The difference in the 
diameters of the fruits is misleading, since the fruits of 
variety southwickii, because of their thin skin, have 
more pulp than the decidedly larger but very thick- 
skinned fruits of the species. 

The variety southwickii was found by E. F. 
Southwick in Bohol, where it is not uncommon 
and where it is cultivated. It was also found by 
Wester in Baganga (Lat. 7° 35’ N., Long. 126° 35’ 
E.), in eastern Mindanao, about 450 miles north- 
northeast of Karoa in northern Celebes. It has 
been introduced into the United States. 

It is possible that this plant may prove, 
upon more detailed study, to be a complex hybrid 
of C. celebica with one or two other species. The 
thin, smooth skin and the abundant, though acrid, 
pulp and the short, broad-winged petioles arouse 
suspicion that it may be a complex hybrid of 
C. celebica with a pummelo (C. grandis), or with 
some other species of the subgenus Citrus. 

This variety is promising for breeding pur- 
poses because of its fair-sized, juicy, smooth, thin- 
skinned fruits. The bitter taste of the pulp, due 
to the acrid oil in the pulp-vesicles, can doubtless 
be removed by hybridization with the species 
of the subgenus Citrus that have little or even 
no oil in the pulp-vesicles, such as C. reticulata. 
It is highly probable, even if variety southwickti 
proves to be a dilute hybrid of the pummelo, that 
wild forms of C. celebica will be found native in 
the southern islands of the Philippines, since 
southern Mindanao is only about 300 miles north 
of northeastern Celebes; Bohol, where variety 
southwickii occurs, is less than 400 miles distant. 


OTHER POSSIBLE HYBRIDS OF CITRUS 
CELEBICA 


Alemow. 

This hybrid, named C. macrophylla b 
Wester (1915, p. 16, pls. 3b, 6c), is sometimes a0 
tivated in Cebu, P.I. It has large leaves, with the 
blades 12 to 14 cm long and 6 to 8 cm wide, with 
much smaller, subtriangular, short-winged peti- 
oles, measuring up to 3.5 cm wide near the top. 
The fruits are very large, 8.5 to 10 cm in diame- 
ter, subglobose to oblong, more or less narrowed 
at the base, with a rough, transversely-corrugated, 
but rather thin skin. The fruit has 13 to 16 seg- 
ments and rather dry, sour pulp, considered in- 
edible even by the natives. 

This seems to be a hybrid of C. celebica, 
or some other species of the subgenus Papeda, 
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with a species of the subgenus Citrus, probably 
a pummelo (C. grandis). It has shown some prom- 
ise as a rootstalk for lemons in California. 


Kabuyao. 


This is another possible hybrid of C. cele- 
bica. It is called kabuyao in Luzon Island, P.I., 
and kopahan in Bohol Island. It was described 
by Wester (1915, pp. 17-19, pl. 5b, fig. 1; and 
1924, p. 93, pl. 3lc) as typical C. hystrix. It differs 
from that species, however, in having more nu- 
merous stamens (30 to 36) and more locules (13 
to 18) in the ovary. The fruit is subglobose or 
short-pyriform, 7 to 9 cm long and 7 cm in dia- 
meter, with a smooth skin; the pulp-vesicles 
contain a “nucleus,” doubtless eae ae of drop- 
lets of acrid oil such as are found in all species 
of the Papeda group and in most of their hybrids. 


Amongpong. 


This plant is found in Bohol Island, P.I., 
and is evidently similar to the kabuyao, but ac- 
cording to Wester (1915, p. 18) it has only 26 to 
30 stamens and a larger fruit, 10 cm in diameter. 

These two hybrids, the kabuyao and the 
amongpong, and other similar fruits may perhaps 
be hybrids of C. celebica (which has many locules 
in the ovary) with C. macroptera or with C. hys- 
trix, both members of the subgenus Papeda. The 
increased number of stamens and the larger fruits 
might result from such hybridization. 

15. Citrus macroptera Montr. Mem. Acad. 
Sci. Lyon 10:187. 1860. Citrus papuana F. M. 
Bail. Contr. Fl. Brit. N. Guin. 1903; C. aurantium 
subsp. saponacea Safford, Contr. U.S. Natl. Herb. 
9:226. 1905. Illus. Bailey, loc. cit. (text fig.); Ta- 
naka, Kankitsu No Kenkyd (Citrus Studies), 131, 
fig. 106. 1933 (?); fig. 3-49 this work. 

Type.—New Caledonia, Art Island (Montrouzier). 
Herb. Fac. Med. Pharm., Univ. Lyon, France. 

Distribution.—Thailand, Indo-China, Philippines, 
New Guinea, New Caledonia, and Polynesia (possibly es- 
caped from culture here). 

Common name.—Melanesian papeda. 

Father Montrouzier’s original description in Latin 
may be translated as follows: “Petioles broadly winged, 
distinctly articulated; leaves elongate-acuminate, only 
twice as long as the petiole, subcrenulate, with very nu- 
merous [oil] glandlets, 5-6 inches [12-14 cm] long ex- 
cluding the petiole; twigs subcompressed, with one long 
spine on young twigs and one short spine on old twigs in 
the axils of the leaves; peduncles axillary, often extra-axil- 
lary, several crowded together, bracteate; calyx with 4-5 
small sepals; corolla with 4-5 petals with valvate aestiva- 
tion; petals elongate, concave; stamens 20; ov sub- 
hemispherical; style thick, round; stigma depressed; fruit 
with 10-12 segments, pubescent; segments 1-2-seeded, 
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with scanty pulp, depressed, almost without juice, about 
the size and form of an orange. A tree 15-16 feet [4.2-5 
m] high, growing near the houses of the natives on the 
Island of Art. It flowers in September, and is commonly 
called don gan.” 

Bailey’s original description of his Citrus papuana, 
doubtless a synonym of C. macroptera, reads as follows: 
“Branchlets green, very angular like those of the common 
orange, all parts more or less covered with amber-coloured 
lenticular glands; axillary spines straight, erectopatent, 
about % in. long. Leaves broadly-lanceolate, 2 to 5 in. 
long, the winger petiole cuneate 2 to 3% in. long and from 
1 to 2 in. broad at the top; margins with broad shallow 
crenulations, the lenticular glands very numerous on the 
midrib, both surfaces punctate; lamina very freely dis- 
articulating from the petiole. (No flowers etetad Fruit 
globose, about 2% in. in diameter, pale yellow, smooth; 
glands small, slightly concave; ring about % in. thick; cells 
10. In foliage this species somewhat resembles C. hystrix, 
D.C.” 


This species was discovered by Father 
Montrouzier on the Island of Art, situated a 
few miles to the northwest of the north end of 
New Caledonia. What appears to be the same 





Fig. 3-49. Citrus macroptera. Foliage, mature fruit, and 
seeds. (Photo by W. P. Bitters.) 
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species was described and figured in 1903 by 
F. M. Bailey from Milne Bay, New Guinea, about 
1,200 miles to the northwest. Unfortunately Bai- 
ley had no flowers and Montrouzier in his account 
does not describe the flowers in adequate detail. 

This species is characterized by large 
leaves, sometimes 10 or 12 inches long (includ- 
ing the very large winged petiole) and 2 inches 
wide; it has subglobose fruits the size and shape 
of an orange, but with very little juice. 

Wichmann (1917, p. 202) told of getting 
a fresh supply of fruits at a village on the shores 
of Lake Sentani in northern Dutch New Guinea 
(now West Irian, Indonesia). Among these were 
thick-skinned fruits of a Citrus with pulp “so 
disgustingly bitter that it was hours before one’s 
mouth got free from the taste.” This persistent 
bitter taste is due to the numerous droplets of 
acrid oil that are found in the pulp-vesicles of all 
species of the subgenus Papedl and in some of 
the hybrids of them with species of the subgenus 
Citrus. 

A beautiful Citrus which Swingle saw 
growing wild in the primeval forest on the lower 
slopes of Mount Maquiling in southern Luzon, 
P.I., belongs, he believed, to C. macroptera. It 
has usually long-pointed leaves with very large, 
entire, winged petioles, and smooth, subglobose 
fruits the size of a large orange. The conviction 
that this Citrus is truly indigenous in the primeval 
forests on the lower slopes of Mount Maquiling 
is substantiated by the observations of D. A. 
Herbert (1924, p. 195), who reported that this 
Citrus (which he called C. hystrix) occurs occa- 
sionally in the dipterocarp forest, which was the 
original forest growth on Mount Maquiling up 
to an altitude of about 600 meters. 

This species doubtless grows wild in New 
Guinea, Bismarck Archipelago, Celebes, southern 
Luzon, and the southern islands of the Philip- 
pines. It has reached New Caledonia, Fiji, Samoa, 
Guam, and probably many other of the Poly- 
nesian islands probably being carried by the 
Polynesians for use in washing. Safford (l.c., 
pp. 226-27) gave a firsthand account of the use 
of the fruit pulp of this species in Guam not only 
for washing the hair, but also as a substitute for 
soap in washing clothing. He stated further that 
the macerated leaves form a lather when water 
is added. Safford whose observations apply also 
to Samoa, cited F. Reinecke (1898, pp. 642-43) 
to show that both the pressed-out fruit juice and 
the macerated leaves form a lather when rubbed 
and that they are specially useful in washing the 
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hair to free it from the lime which is much used 
by the natives to bleach the hair. Both Safford 
and Reinecke noted that after the fruit falls off 
the tree the peel hardens and becomes like a 
stony shell in drying. 

Of all the species of the Papeda group, 
C. macroptera is probably the most promisin 
for use as a rootstock. F. M. Bailey (1903, p. 1) 
was so impressed with the vigor of the specimens 
of this species from Milne Bay, New Guinea (his 
C. papuana), that he recommended it as a root- 
stock for cultivated citrus fruit trees in tropical 
Queensland. Hybrids of C. macroptera with vig- 
orous species of the subgenus Citrus might be 
expected to show still greater energy of growth. 

The plants of C. macroptera that have been 
grown in Florida from seed obtained from trees 
found growing wild on Mount Maquiling, Luzon, 
P.I., were reported by T. Ralph Robinson (Keys, 
1923) as being immune to withertip and resistant 
to canker. This large-fruited, disease-resistant, 
and vigorous strain is promising for use in breed- 
ing new and superior citrus rootstocks. 


HYBRIDS OF CITRUS MACROPTERA 
Moli kurikuri hybrid. 

A hybrid of C. macroptera, very probably 
with the pummelo (C. grandis), was named C. 
vitiensis by Tanaka (1928b, p. 715). It was found 
in Fiji in 1860 by Berthold Seemann (1862), who 
collected it together with the parent species, 
C. macroptera, giving both specimens the same 
number (58). Both sheets are preserved in the 
Kew Herbarium. One of the specimens is the 
typical C. macroptera Montr., the moli kurikuri 
of the natives, said by Seemann to be a wild 
orange, found on the island of Viti Levu, that 
is not eaten but is “used to kill lice by washing 
the hair.” The manuscript note on the moli kuri- 
kuri was attached, doubtless by accident, to the 
sheet on which was mounted the specimen of 
the hybrid, which shows the following charac- 
ters: twigs terete, internodes short (1.5 to 3.5 
cm); spines straight, acute, short (only 3 to 4 
mm on mature branchlets); leaf blades narrow, 
lanceolate, acuminate or caudate at apex, broadly 
rounded at base, 4.5 to 5 by 1.8 to 2.5 cm, mar- 
gins shallowly serrate, veins numerous but ob- 
aa pelea winged, obpyramidal, with slightly 
curved tips curving abruptly and nearly straight- 
sided, cuneate bases 20 to 26 by 10 to 15 mm. 
Seemann’s manuscript note reads further: “it was 
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plentiful on the banks of the Namosi river grow- 
ing in company of shedocks** and flowering to- 
gether with . . . [that] species.” This circumstance 
would easily account for the finding of a hybrid 
between these two species! This hybrid has, in 
fact, leaves somewhat like those of the so-called 
Shangyuan, or Ichang lemon, which is doubtless 
a hybrid of C. ichangensis (also of the subgenus 
Papeda) and C. grandis (see pp. 390-92). 

To name as a valid new species a chance 
hybrid found growing in immediate proximity to 
both of its parents is to give unmerited impor- 
tance to such a plant. 


Webber's Philippine hybrid. 


Webber's Philippine hybrid is a mandarin- 
like citrus fruit tree which was named C. web- 
berii by Wester (1913, pl. 14; 1915, p. 13; 1917, 
p- 108; 1924, p. 96, pls. 20b, 30a) in honor of his 
ormer chief, H. J. Webber. It is called kalpi in 
the Bicolano dialect. According to Wester (1924, 
p. 96), it is a medium-sized, handsome tree 5 to 
10 meters tall, bearing very juicy, acid fruits that 
can be used like lemons. It grows in both the 
large islands of the Philippines, Luzon and Min- 
danao. The fruit is variable in size, depressed- 
globose, with 9 to 11 segments; skin very thin, 
yellowish when eS Wester (1917, p. 107, pls. 
1, 3, 4) reported that the kalpi when used as a 
rootstock appears more congenial and produces 
a more rapid growth than other of the Citrus 
species of Philippines origin. It seems to be a 
hybrid of the native C. macroptera with the com- 
mon Philippine mandarin (see the Chinese Yuzu 
[p. 389], a similar hybrid of a papeda with a 
mandarin). 

Another form of Webber’s Philippine hy- 
brid is a tree with weeping branches considered 
by Wester (1917, p. 108, pl. la) to be “the most 
ornamental species in the genus Citrus.” It grows 
well at the Ctrus Research Center at Riverside, 
California, where its handsome shape and beauti- 
ful foliage make it a perpetual tribute to Dr. 
Webber. It should also be tested as a rootstock, 
as it produces seeds abundantly. 


Kansi. 


A Philippine citrus called kansi by the na- 
tives of Bohol, where it is sparingly cultivated, 
may be a hybrid of C. macroptera, which occurs 
in Bohol, with a pummelo (C. grandis). The 
kansi has leaf blades broadly ovate to elliptical, 


28 The moli kana, or edible moli, of the natives, correctly classed by Seemann (1862, p. 321) as C. decumana 


(= C. grandis). 
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pointed at the tip, broadly acute at base, with 
subentire margins, 9 to 12 by 3 to 4.5 cm; winged 
petioles broadly obovate, even-margined, 3.5 to 
4.5 by 2.5 to 3 cm, having less than half the area 
of the leaf blade; stamens 20 to 23, free; ovary 
oblate; fruit oblate, smooth, lemon yellow, 38 to 
40 by 44 to 46 mm, pulp acid, peel 3 to 5 mm 
thick, segments 11 to 14, seeds many, flattened, 
monoembryonic. This was called C. hystrix var. 
boholensis by Wester (1915, p. 19, pls. 4, 5), who 
stated that the fruit is eaten with fish and also 
makes a fairly good ade. That it is a hybrid of 
C. macroptera with a pummelo is borne out by 
the statement of Wester (1915, p. 12) that pum- 
melos with from 11 to 14 segments in the fruits 


are widely distributed in the Philippines. 


15a, Citrus macroptera var. kerrii Swing. 
Jour. Wash. Acad. Sci. 32:24. 1942. Illus. Swingle, 
loc. cit. figs. 1 and 2. 


Type.—Thailand, Nakawn Sawan, Kampéngpat, 
Mé Lamung (Lat. 16° 15’ N., Long. 98° 58’ E.), altitude 
about 500 m (Kerr, No. 6081, coll. June 7, 1922). Herb. 
Univ. Aberdeen. 


Distribution.—Northern and central Thailand; 
North Vietnam: Tonkin; southern China: southern Yun- 
nan Province. 


Common name.—Kerr’s Thailand papeda. 


Differs from the species in having larger fruits, 
8-9 cm diam. instead of up to 5-6 cm, with more seg- 
ments, 12-13 instead of 10 (rarely 12), with smaller, 
thinner-walled, ovoid pulp-vesicles attached in large num- 
bers to the side (radial) walls of the locules for 3%-%4 the 
distance from the dorsal walls of the segments to the cen- 
ter of the fruit, and with a thicker peel, 12-14 mm thick 
instead of 5-6 mm. The spines on vigorous, young, ver- 
tically-growing shoots are very long (6-7 cm), straight, 
sharp, arising nearly at right angles to the direction of 
the twig, but on fruiting branches they are usually only 
5-10 mm long or wanting altogether. The leaf plaies are 
sometimes ovate, rounded at both ends, often emarginate 
at the apex, about 4-7 x 3-3.5 cm, with merely undulate 
margins; petioles broadly winged, obovate, with slightly 
undulate margins, 5-7 x 3-3.8 cm, often slightly larger 
than the leaf blade. In another collection from Ban Kragé, 
Thailand (Kerr, No. 11983), the leaf blades are 8-10 x 
4-5 cm, broadly ovate-acuminate, tapering into a narrow 
acumen, blunt at the very tip; petioles 5.5-7.5 x 3.5-4.5 
cm, obovate, with crenulate or subserrate margins. In ma- 
terial from Tung Kung in northern Tonkin (Groff, No. 
19877), the leaf blades are lanceolate-acuminate, 6-8 x 
2-3.5 cm, crenate-denticulate above the middle, and 
tapering into a long, slender acumen which often has a 
very sharp apex; petioles 5-7.5 x 2.2-4.4 cm, with entire 
or slightly undulate margins. Flowers are lacking on all 
the material examined except on Kerr's No. 11983, where 
they arise singly (or in 2’s or 3’s) in the axils of the leaves 
on short, slender, glabrous pedicels, 3-5 mm long; flower 
buds subglobose, 3-4 x 2.5-3 mm; calyx very small, 
saucer-shaped, lobes 4 (?), bluntly triangular, 1 mm long, 
2 mm wide; petals 3.5-4.5 x 3-4 mm; stamens numerous 
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(16-20 ?) with slender free filaments. Several specimens 
show fruits. They are subglobose, 8-9 cm diam., with 
thick peel (1-2 cm) almost entirely composed of white 
spongy tissue with a superficial green layer, only about 1 
mm thick, which contains very numerous, nearly spherical 
oil glands. The fruits show 12 and 13 segments with 
lateral (radial) walls 2-2.5 mm thick where they join the 
peel, tapering to 0.8-1 mm where they join the clearly 
delimited cylindrical core. The pulp vesicles are td nu- 
merous, obovoid, very small, 1.5-2 mm long, bluntly 
pointed, tapering into slender stalks, 1-3 mm long. The 
pulp-vesicles are attached not only to the adaxial wall of 
the carpel but also to the lateral (radial) walls 4%-% the 
distance from the dorsal wall to the core. The s are 
immature in Kerr’s specimens, but seem to be placed al- 
most exactly in the inner angle of the segments and to lie 


nearly parallel to the core. 

The type specimens of this variety were 
collected in Nakawn Sawan Province of Thailand 
by A. F. G. Kerr, who stated that it is a “common 
tree in evergreen forest, growing up to 10 m high, 
fruit 8 cm diam.; lower shoots armed with long 
spines.” Another of Kerr's specimens of this same 
number in the Aberdeen University herbarium 
that Swingle had opportunity to examine through 
the courtesy of J. R. Matthews shows a piece of 
a very angular, upright-growing new shoot hav- 
ing five internodes, with five very strong, sharp, 
straight spines, 6 to 7 cm long, 4 to 5 mm in 
vertical diameter at the base and 2 to 2.5 mm 
in transverse diameter. These spines arise almost 
exactly at right angles to the twig. The winged 
petioles are very nearly the same length as the 
spines that arise in their axils. They are 3 to 4 
cm wide at the very broadly rounded tips and 
taper to a cuneate base. 

This variety shows some resemblance to 
C. latipes, but apparently has decidedly smaller 
flowers and more globose fruits with much thicker 
peel. More study is needed to allocate this inter- 
esting papeda with certitude to its proper taxo- 
nomic position. 

What seems to be a form of this variety 
with acuminate leaf blades was found by the late 
G. W. Groff when at Lingnan University, Canton, 
China, while making botanical exploration in co- 
operation with the former Bureau of Plant Indus- 
try, U.S. Department of Agriculture, in northen 
French Indo-China in January, 1932. Groff col- 
lected good herbarium material (Lingnan Univ., 
No. 19877) from four trees (very like those found 
by Kerr) growing at Tung Kung in Tonkin (about 
Lat. 22° 15’ N., Long. 102° 50’ E.) 130 kilometers 
(80 miles) west of Lau Kai (11-12 km northwest 
of Cha Pa at Ta Ching on the forest road from 
Ku Ho to Ta Ching) on the Yunnan-Tonkin 
border. The trees were growing in the heart of 
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the forest at an altitude of about 5,000 feet in 
rich moist soil. 


15b. Citrus macroptera var. annamensis 
Tan. Bul. Mus. Hist. Nat. Paris, 2 sér. 2:164. 1930. 

Type.—French Indo-China, Co-inh Mountains, 
Nhatrang, Annam (Poilane, No. 4650). Herb. Mus. Hist. 
Nat., Paris. 

Distribution —Known only from the type locality. 

Common name.—Annam papeda. 

The original description reads in translation as 
follows: “Leaves very large, leaf blades ovate, acute at 
apex, obtuse at the base; petioles broadly winged; petiole 
wings oblong, truncate, a little longer than the leaf blade. 
Fruits medium-sized, ovate-obovoid, peel glabrous, thin; 
pulp-vesicles scanty, very short.” 

A photograph of the type specimen of this variety 
sent to Swingle by Tanaka shows the leaf blade to be 
broadly oval or lozenge-shaped, 6-7 x 3.5-4 cm, bluntly 
pointed or subacute at the apex and broadly cuneate at 
the base, with the upper half or two-thirds with undu- 
late, crenulate-dentate margins; petioles broadly winged, 
linear-oblong, decidedly longer than the leaf blade but 
not any wider, 7-11 x 3.5-4 cm, truncate at the apex and 
abruptly rounded at the corners into a more or less oblong 
section with nearly parallel margins including %-% the 
distance to the base; the lower ’ or % of the petiole is 
gradually narrowed into a cuneate base, with a very 
short segment of the petiole (3-6 mm long) at the base 
wingless; the fruit is dencosaea globose, 4.5 cm high and 
5.2 cm wide; peel 3-4 mm thick. 


This variety is strikingly different from 
typical C. macroptera in the oblong shape of its 
very long winged petioles, which resemble those 
of some forms of C. ichangensis; the fruits, how- 
ever, are entirely different from those of this 
latter species, but are much like those of C. la- 
tipes. This variety differs from C. macroptera var. 
kerrii in having oblate fruit with rather thin peel 
instead of globose fruits with remarkably thick 
peel, often five times as thick as that in this 
variety. 

According to Tanaka (1937, p. 238), this 
variety occurs also in Thailand, Burma, and 
northeastern India, where the fruits are stored 
and “used for refreshing drinks when other small 
acid Citrus fruits are gone.” He did not hesitate 
to identify it with the Citrus combara of Ra- 
finesque (1838, p. 142), but the description there 
gies is inadequate and might apply to many 
orms of bitter orange belonging to the subgenus 
Papeda. This and other forms of C. macroptera 
should be studied carefully, as some of them 
may prove to be distinct species. All of them 
should be tested as rootstocks for the cultivated 
species and varieties of True Citrus Fruit Trees 
belonging to the subgenus Citrus. 

16. Citrus hystrix [“Citrus histrix”] DC. 
Cat. Pl. Hort. Bot. Montp. 97. 1813. Citrus hystrix 
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DC. Prodr. 1:539. 1824; Papeda rumphii Hassk. 
1842; Citrus papeda Mig. 1855; C. torosa Blanco, 
1873. Illus. Rumphius, Herb. Amboin. 2: pls. 
26 (fig. 1), 27, 28. 1741; Risso & Poiteau, Hist. Nat. 
Orang. pl. 59 (col.). 1818-1822; Vidal & Soler, in 
Blanco, FI. Filip. ed. 3. 4:38, pl. 408 (“var. colo- 
bot”). 1880; Vidal, Sinop. Fam. Gen. PI. Lefiosas 
Filip., Atl. pl. 25, fig. F. 1883; Bonavia, Cult. 
Orang. Lem. India Cey. Atl. pl. 225, figs. A-K. 
1890; Sawyer, Agr. Jour. India 5: pls. 36 (col.), 37, 
38. 1910; Wester, Phil. Bur. Agr. Bul. 27:1, pl. 11. 
1913; Ochse, Indische Vruchten, fig. 107. 1927; 
idem, Fruits Fruitcult. Dutch East Ind. pl. 46 
(col.). 1931; Redgrove, Gard. Chron. 3 ser. 89:149, 
fig. 76. 1931; fig. 3-50 this work. 


Type.—Montpellier (De Candolle). Herb. Deles- 
sert, Geneva, Switzerland (fide Tanaka, 1931), p. 11). 





Fig. 3-50. Citrus hystrix. Foliage, mature fruits, and 
seeds. (Photo by W. P. Bitters. ) 
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Distribution.—East Indian eee ee: Ceylon, 
Burma, Malay Peninsula, Philippines; widely naturalized, 
native habitat uncertain. 

Common name.—Mauritius papeda. 


J. J. Ochse (1931, pp. 117-18) gave the follow- 
ing description of C. hystrix as it occurs in the Dutch 
East Indies (now Indonesia): “Low tree or shrub, 2-12 
m high; trunk crooked, asymmetric or angular, rather 
thin, branched near the base; crown irregular, densely 
branched; branchlets thin, when young compressed-acut- 
angular, when older terete, dark green, glabrous with 
scattered glandular dots, armed with axillary spines; 
spines short, stiff, subulate, apes with hard brown or 
orange-coloured tips, obliquely erect, solitary, glabrous, 
0.2-1 cm long. bes alternate or biseriate, stalked 
unifoliate, orbicular-ovate or ovate-oblong, lanceolate; 
base cuneate, obtuse or rounded, rarely subcordate, apex 
obtuse, rounded or obtusely acuminate, often notched; 

tently serrate-crenate, coriaceous, glabrous on both sur- 
aces, above dark green, shining, beneath light green or 
yellowish-green, dull, densely pellucid dotted, fragrant 
when bruised, 3-15 cm long, 2.5-6 cm wide. Petiole from 
0.3-0.5 cm above the base upwards with large, foliaceous 
wings; the winged part obovate or obcordate-oblong, 
with an acute, cuneote, obtuse or rounded base and an 
obtuse, truncate, rounded or slightly emarginate apex, 
patently crenate-exsculptate, coriaceous, above dark green, 
shining, beneath light green or yellowish green, dull, with 
scattered pellucid dots, including the wings 1-8 cm ong 
1-4.5 cm wide, sometimes very similar to the leaf itse 
and not rarely for a greater or smaller part connate with 
it. Inflorescences ager A terminal, dense, 1-5-flowered, 
glabrous. Flowers smallish, shortly stalked, 4-5-merous, 
fragrant, in bud globose, white, 0.5-0.7 cm diam.; pedicel 
terete, yellowish green, glabrous, 0.1-0.5 cm long. Calyx 
cupular, afterwards flat, 4-lobed, glabrous within and 
without, 0.2-0.35 cm diam.; lobes broadly ovate-triangu- 
lar, acute or shortly acuminate, yellowish white with vio- 
let margins, ciliate, +0.1 cm long. Petals 4-5, ovate ob- 
long, with a narrowed base and a narrowed or acuminate, 
obtuse apex, yellowish white or tinged with red, glabrous, 
with scattered pellucid dots, 0.7-1 cm long, 0.3-0.5 cm 
broad. Stamens 24-30, quite free, 0.4-0.8 cm long, fila- 
ments thickened above the base, with a filiform apex, gla- 
brous, 0.3-0.6 cm long; anthers elliptic-oblong, 0.15-0.25 
cm long. Ovary depressed globose, glabrous, with a tuber- 
culate-folded surface, 0.2-0.4 cm diam.; style short, ro- 
bust, terete, glabrous, 0.1-0.15 cm long; stigma depressed 
globose, glabrous. Fruit pendulous, sh ovoid or ellip- 
soid, with an abruptly contracted obtuse or rounded base 
and a rounded or slightly depressed apex, crowned by a 
short style-rest, very irregularly bumpy, glabrous, with 
many scattered glandular dots, when ripe yellow or yel- 
lowish green, feebly shining, 5-7 cm din peel thick, 
its exterior layer of +0.2 cm thickness, yellowish green, 
the inner part white; pulp yellowish green, very sour and 
slightly bitter, faintly Paar fruiting pedicel very short, 
0.3-0.5 cm long. Seeds ovoid-oblong, 1-1.5 cm long, 0.5 
cm thick; cotyledons and plumule white.” 


Ochse stated that “this species, called Djerook 
pooroot in the Dutch East Indies, is nowhere cultivated 
on a large scale but. . . very often on a small one.” 


This much misunderstood species was 
named by De Candolle from young seedlings, 
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not yet in flower, grown from seed sent to 
the Montpellier Botanic Garden from Mauritius, 
where it was probably not native. De Candolle 
redescribed it in 1824 but had not yet seen 
flowers or fruits. 

Thanks to flowering material from Mauri- 
tius and from Montpellier preserved in the Kew 
Herbarium, it is possible to determine with cer- 
tainty that C. hystrix is the species with very 
bumpy fruits belonging to the subgenus Papeda 
that is widely distributed in Indonesia. The fruits 
usually have 10 to 12 segments (rarely 13 or 14). 
The leaves are blunt-pointed, usually of medium 
size, 8 to 12 by 3 to 5 cm, more or less irregular 
at the tip and sometimes slightly emarginate. 
The margins are more or less crenate. The winged 
petiole, usually two-thirds to three-fourths as 
long as the leaf blade, is broadly rounded and 
blunt at the base, often subtruncate at the tip, 
often with more or less crenate margins. 

The flowers are small, with short, entirely 
free stamens, as in all the other species in the 
section Papeda. The fruits are almost always 
bumpy or tuberculate. The pulp-vesicles were 
first described by Penzig (1887, pp. 131-32), who 
stated: “They are provided with a slender very 
long stalk which suddenly enlarges toward the 
free end, forming a small round or oval body 
pointed at the tip.” Penzig noted that they differ 
from the pulp-vesicles of the other species studied 
by him in showing “a large amount of oil accumu- 
lated in their centers.” This accumulation of nu- 
merous droplets of oil, often of a very strong 
and acrid flavor, is characteristic of all the spe- 
cies of the subgenus Papeda. The cotyledons are 
epigeous in germination. 

Citrus hystrix, although the best known 
and most widely distributed species of this sub- 
genus, is not the most vigorous species, and not 
the most promising for use as a rootstock. It has 
undoubtedly hybridized with other species of 
the subgenus Papeda in the village fruit gardens 
of the people of the East Indian Archipelago and 
also with species of the subgenus Citrus. Doubt- 
less some of these hybrids are included among 
the bizarre forms described and figured by Wes- 
ter (1913 and 1915). 

Bonavia reported (1886, p. 215) that the 
fruit of C. hystrix is never eaten; however, it is 
used by the natives in Ceylon as an insecticide 
for washing the head and also for smearing on 
the feet to kill land leeches. The tree is often 
cultivated near the villages for these purposes. 
According to Bonavia, C. hystrix may have come 
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into Ceylon with the Dutch and their Malay 
servants for use as a hair wash. This use may 
account for the wide distribution of the species 
throughout the East Indian Archipelago and ad- 
joining parts of the Asiatic mainland. 


HYBRIDS OF CITRUS HYSTRIX 
Lemon Martin. 


The Limo tuberosus or Lemon Martin of 
Rumphius (1741, vol. 2, pp. 101-03, pl. 26, fig. 1) 
is probably a hybrid of C. hystrix with the lemon 
(C. limon). The leaves are crenate-margined with 
broad, subcordate winged petioles, also crenate- 
margined. The fruit is somewhat lemon-shaped 
but exceedingly rough, with bosses or warts 5 to 
10 mm in diameter. The fruit figured by Rum- 
phius is 5.54 by 4.5 cm and is said to be a 
yellowish-green when ripe “like a + pris lemon’; 
moreover the odor is somewhat like that of the 
lemon. The juice is vinous, not very sour; accord- 
ing to Rumphius, the fruits can be eaten raw, 
especially if sliced and sprinkled with sugar. 
Rumphius stated that the Lemon Martin in his 
day (in the last quarter of the seventeenth cen- 
tury) was believed to have been brought to the 
East Indies by the Portuguese and to have been 
grown by Europeans in many parts of the archi- 
pelago. 

It seems very probable that the Lemon 
Martin of Rumphius arose from lemons brought 
by the Portuguese from Europe that were propa- 
gated from seed in the East Indies and, through 
chance cross-pollination by insects, became hy- 
bridized with C. hystrix or with some other spe- 
cies of the subgenus Papeda. 


Subtribe 3. Balsamocitrinae: Hard-Shelled 
Citroid Fruit Trees 


The subtribe Balsamocitrinae, the Hard- 
Shelled Citroid Fruit Trees, is a remarkable side 
shoot of the orange subfamily not very closely 
related to any of the other subtribes. It includes 
seven genera occupying two noncontiguous areas 
of distribution. Four genera occur in southeastern 
Asia from India to Burma and Indo-China, reach- 
ing some of the neighboring East Indian islands, 
and also reaching Luzon, the northernmost island 
of the Philippines. The other three genera occur 
in tropical Africa, from Uganda west to the Ivory 
Coast and south to the Republic of the Congo. 
None of the Hard-Shelled Citroid Fruits are 
native to New Guinea, Australia, or the Poly- 
nesian islands in spite of having spread from 
southeastern Asia as far as West Africa. This sub- 
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tribe is a side branch of the ancestral tree of the 
orange subfamily, a side branch that parallels 
the subtribe Citrinae, the Citrus Fruit Trees. 
These two subtribes resemble each other in hav- 
ing large fruits with hypermerous ovaries (with 
6 to 20 locules) with numerous ovules (6 to 16+) 
in each locule. The genera comprising the sub- 
tribe Balsamocitrinae have no pulp-vesicles, but 
they show a high specialization in the structure 
of the fruits, which usually have a hard, almost 
woody exocarp (leathery in the genus Swinglea). 
The locules are filled with resinous gum and the 
seeds are sometimes sparingly hairy, woolly, or 
covered with laciniate paleae. 

The seven genera of this subtribe fall into 
three groups. The first, group A (the Tabog 
Group), comprises only one genus, Swinglea, 
native to Luzon, the northernmost island of the 
Philippines. This genus has fruits so dissimilar in 
structure to those of the genera in the other two 
groups that question may be raised concerning 
its degree of relationship to them. 

Swinglea, unlike the other members of the 
subtribe Balsamocitrinae, has oval fruits with a 
leathery (not woody) shell which has 8 to 10 
longitudinal ribs (somewhat like a muskmelon) 
corresponding with the number of locules. The 
outer wall of the fruit, which does not separate 
like the peel of an orange, contains crowded, ra- 
dially arranged ellipsoid oil glands, 4 to 7 mm 
long. The locules contain many hairy seeds im- 
mersed in a glutinous fluid apparently secreted 
by ellipsoid mucilage glands, 5 to 10 mm long, 
which slant toward the axis of the fruit and also 
toward the radial axis of the locule intd which 
they open, as shown in figure 3-51. 

The second set of related genera (four 
in all) constitutes group B (the Bael-Fruit vain 
The best-known genus in this group is Aegle, 
native to India, Ceylon, Burma, and Indo-China, 
and widely cultivated in the East Indian Archi- 
pelago, especially in Java. The other genera of 
this group, Balsamocitrus, Afraegle, and Aeglop- 
sis, occur thousands of miles to the west, in tropi- 
cal Africa, from Uganda west to the Ivory Coast 
and southward to the Republic of the Congo and 
Angola. It seems remarkable that those genera 
in group B which have the largest fruits, obvi- 
ously of common ancestry, were able to jump 
over the great distance from southeastern Asia to 
West Africa, but failed to reach the Philippine 
Islands, to say nothing of New Guinea and 
Australia. 

Aegle and Balsamocitrus (both with tri- 
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foliolate leaves), Afraegle (with normally trifolio- 
late leaves, reduced to unifoliolate or to simple 
leaves on the older branches of A. gabonensis), 
and Aeglopsis (with unifoliolate leaves) are obvi- 
ously all closely related but differ in important 
taxonomic characters, such as the number of 
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Fig. 3-51. Swinglea glutinosa. Top, leafy 
fruit collected near Lamao, Philippine Islands, by 
Boyle. 
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locules in the ovary and the number of stamens. 
Aegle has 8 to 20 locules in the ovary, Afraegle 
6 to 8, Balsamocitrus 8, and Aeglopsis 6 to 8 
(sometimes 5). Aegle has woolly seeds, whereas 
the other three genera all have glabrous seeds. 
The development of the disk also varies greatly 
in the four genera: Aegle and Balsamocitrus have 
a cylindric disk below the ovary and of about the 
same diameter, whereas Afraegle and Aeglopsis 
have a greatly enlarged and lobed disk that partly 
encloses the ese oF the ovary. 

The third set of related genera, group C 
(the Wood-Apple Group), comprises two genera, 
Feronia and Feroniella, which occur in India, 
Burma, Indo-China, and Java. Feronia limonia 
is often cultivated for its fruit. This group differs 
in very important taxonomic characters from the 
other two groups, and is undoubtedly one of 
great antiquity that now ge a side line 
of development in the subtribe Balsamocitrinae. 

Feronia and Feroniella, spiny trees with 
pinnate leaves and small leaflets, have ovaries in 
which the locules (four to six) coalesce at an early 
stage of development into a a“ cavity with 
numerous ovules borne on the walls (parietal “an 
centae), a character unique in the whole plant 
family Rutaceae. 

The evolution of the subtribes Balsamo- 
citrinae and Citrinae has doubtless proceeded 
along parallel lines from a common ancestral 
form, both subtribes having attained nearly the 
same degree of specialization. It is not possible, 
however, to exhibit in a linear arrangement of 
the tribes, subtribes, and groups of the Rutaceae 
the true status of the evolutionary development 
of the different categories. It would require a 
map, diagram, or model in order to show the 
parallel development of the subtribes Balsamo- 
citrinae and Citrinae. Here in the printed text 
where the subtribes are arranged in the linear 
order of the pages and lines of the printed book, 
the Balsamocitrinae fall at the end of the series, 
although in reality the Citrinae are more highly 
developed with their extraordinary pulp-vesicles 
that fill all the space not occupied by the seeds 
in the locules of the fruit. However, to intercalate 
the subtribe Balsamocitrinae between the sub- 
tribes Triphasiinae and Citrinae would obscure 
the close relationship clearly exhibited by some 
of the genera of the subtribe Triphasiinae with 
some of the more primitive genera of the sub- 
tribe Citrinae. Keys to the groups and the genera 
of the subtribe Balsamocitrinae are presented 
below. 
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KEY TO THE GROUPS IN THE SUBTRIBE BALSAMOCITRINAE 


A Fruits ovoid with a leathe 


rind, often longitudinally ribbed; locules narrow, locule walls very thick and containing 


numerous large mucilage glands, 5-10 x 2-3.5 mm; seeds densely hairy. 


AA Fruits globose, oblate-spherical or son dal rind ve 


walls not containing evident large mu 


ge glands; s 


Group A, Tabog Group (1 genus, 1 species) (p. 403) 
hard, usually woody, never longitudinally ribbed; locule 


s not hairy (except in Aegle),. .................:sessscseccceeececeeeeeeees B 


B Leaves 3-foliolate, 1-foliolate, or simple; ovary with 6-20 locules (rarely 5), each with numerous ovules in 2 


BAVA MS ebro k ee eva h esa ole aces iene ae 


ae Group B, Bael-Fruit Group (4 genera, 8 species) ( p. 406) 


BB Leaves pinnate, 5-15 foliolate; ovary with 4-6 imperfect locules coalescing into a single cavity with 4-6 parietal 
placentae carrying very numerous ovules not arranged in 2 ranks. 


Group C, Wood-Apple Group (2 genera, 4 species) ( p. 415) 


KEY TO THE GENERA OF THE SUBTRIBE BALSAMOCITRINAE 


A Fruits ovoid; rind leathery, often longitudinally ribbed; locules of fruit narrow, but locule walls ve 


thick and con- 


taining large mucilage glands; seeds woolly (group A, Tabog ory be Bee neeaecened aah tad (1) Swinglea XXVII (p. 403) 
oc 


AA Fruits not ovoid; rind hard and woody, not longitudinally ribbed; 


ule walls not evidently containing large muci- 


Ve: LAIN 5 scat rast ae aco ius ccc sata ays get aa eset stad a avn Usel rete Uec rea ohcse uaa cmenniene ena B 
B Locules 6-20 (rarely 5), each with numerous ovules in 2 ranks; seeds glabrous or woolly (group B, mana: 


Group). 


POO SOS OO SOOO OSHS OCO OT OOEOO ERED EEE SEE HSEEES ESHEETS EEHETES ES EETDOTOEEEED 


SOOO OSHS AHOHAESES SHREDS SOHASSOAHHEEEOHE SS EOTOS CASES SCESSESEHSESESES SOO SSE EH SEEEEESESESHEEDEOEESEOED 


C Stamens very numerous (more than 4 times as many as the petals); ovary with 8-20 locules; seeds woolly. 


(2) Aegle XXVIII (p. 406) 


CC Seeds glabrous; disk large; stamens 2, 3, or 4 times as numerous as the petals.......................cssssssseeeeseseeeeees D 


D Leaves 3-foliolate on young plants; stamens 3 or 4 times as numerous as the pe 


(3) Afraegle XXIX (p. 409) 


DD Leaves always simple; stamens 2-3 times as numerous as the petals. ............ (4) Aeglopsis XXX (p. 412) 
DDD Leaves 3-foliolate; disk small; stamens twice as many as the petals; fruits large. 


(5) Balsamocitrus XXXI (p. 414) 


BB Leaves pinnate, with 5-15 leaflets; ovary at first with 4-6 locules which soon coalesce to form a single cavity 
lined with parietal placentae bearing very numerous ovules not arranged in ranks (group C, Wood-Apple 
MGUY) 52558 ce sel a Seas SA Raped a aan fesse OD since vac eau s cose Necker ener asec uss ate E 

E Stamens 10-12, about twice as numerous as the petals; anthers twice as long as the filaments, which are 


without gaan ie seeds pilose...................0+ 


EE Stamens 16-20, a 


bear appendages at the bases; seeds glabrous.... 


GROUP A. THE TABOG GROUP 


This group contains only one genus, Swing- 
lea, the tabog of Luzon, the northernmost island 
of the Philippine Archipelago. It stands alone in 
having an oval, longitudinally-ribbed fruit with 
a tough, leathery shell, not a hard, woody shell 
as in all the other genera of the subtribe. Then, 
too, the locule walls are lined with large mucilage 
glands that probably discharge into the seed 
cavity the mucilaginous material in which the 
seeds are imbedded. No such mucilage glands 
have yet been found in other genera of the Bal- 
samocitrinae, but they may occur in less striking 
form in the thick locule walls of Aegle and pos- 
sibly other genera of this subtribe. The seeds of 
Swinglea glutinosa are densely woolly, much like 
those of the Indian bael fruit, Aegle marmelos. 


pl ea ediereted hora at hacks iene Saeco (6) Feronia XXXII (p. 415) 
ut 4 times as numerous as the petals; anthers much shorter than the filaments, which 
geese eee ee eines (7) Feroniella XXXIII (p. 417) 


The two genera, however, differ greatly in other 
important taxonomic characters.” 

All species of Citrus so far tested graft 
readily on young rapidly growing seedlings of 
tabog (Swinglea) used as a rootstock and reach 
large size if planted in soil that stays warm the 
year round, as for instance in greenhouses. Citrus 
does not make a vigorous growth when grafted 
on any other genus belonging to the subtribe 
Balsamocitrinae. This would seem to indicate 
that Swinglea is more closely related to Citrus 
than are the other members of the subtribe. 


XXVIII. Swinglea Merrill 
XXVII. Swinglea Merrill, Jour. Arnold Ar- 
bor. 8:131. 1927. Chaetospermum (Roem.) Swing. 
Jour. Wash. Acad. Sci. 3:101. 1913, non Saccardo, 
Syl. Fungor. 10:706. 1892; Limonia subg. Chaeto- 


29 Merrillia, which bears a large fruit with a tough, leathery shell somewhat analogous to that of Swinglea and 
with seeds covered with flattened hairs (paleae) somewhat resembling the seeds of Swinglea, would seem, at first sight, 


to belong to this group, but in its habit of 


wth and in its leaves (with alternate leaflets) and wood it shows close simi- 


larity to Murraya paniculata. Swingle followed Engler (1931, p. 211), a lifelong student of the Rutaceae, in removing 
Merrillia from the subtribe Balsamocitrinae, to which he at first assigned it, and placing it in the tribe Clauseneae next 


to Murraya. 


There are also certain similarities to be seen between Swinglea and Burkillanthus (see p. 294), but the fruit 


structure of the latter is clearly very different. 


Google 


404 


spermum Roem. Syn. Hesper. 1:39. 1846. Illus. 
Tillson & Bamford, Amer. Jour. Bot. 25:786, fig. 
46. 1938; fig. 3-51 this work. 

Type species.—Limonia glutinosa Blanco = 
Swinglea glutinosa (B}.) Merr. 

Distribution.—Philippines: Luzon Island. 

Common name.—Philippine tabog or swinglea. 

In 1913, Swingle published a description of this 
genus under the name Chaetospermum as follows: “A 
pean related to Belou [= Aegle], from which it differs in 

aving persistent leaves with small rounded sessile lateral 
leaflets, fewer stamens (twice as many as the petals), fewer 
ovarial locules (8 to 10), an oblong ribbed fruit with a 
thick leathery rind and cells [locules] lined with a spongy 
tissue containing many large cavities or vacuoles. 

“Leaves persistent, trifoliate, lateral leaflets small, 
sessile, usually less than one-third as long as the median, 
more or less blunt at the base or even rounded. Terminal 
leaflet gradually narrowed at the base. Petioles narrow] 
winged with a joint at the point of attachment of the leaf- 
lets. Spines slender, straight, sharp, in pairs at the axils or 
else one of the spines is replaced by a branch. Inflores- 
cences axillary, composed of from one to several flowers 
on rather long, slender pedicels. Flowers perfect, 5- 
merous; calyx 5-lobed, petals 5, stamens 10, free. Pistil 
with a well developed style and a thick rounded stigma. 
Ovary with 8 to 10 cells [locules], each containing nu- 
merous ovules. Fruit oblong, longitudinally ribbed, with 
a very thick leathery rind, and with cells [locules] (filled 
with gum ?) surrounded with watery tissue containing 
large cavities or vacuoles. Seeds numerous in the long 
narrow cells, flattened ovate, hairy. Germination—cotyle- 
dons aerial, not increasing in size; first foliage leaves op- 
posite, broadly ovate, subseriate, sessile, abruptly nar- 
rowed at base.” (Fig. 3-51.) 

This genus differs rather widely from the 
other genera of the Hard-Shelled Citroid Fruit 
Trees (subtribe Balsamocitrinae) in having ellip- 
soid, or ovoid, ribbed fruits with a leathery outer 
shell showing very long, pointed, radially ar- 
ranged oil glands in the peel and thick tissue 
containing mucilage glands lining the radial walls 
of the segments surrounding the seeds. Its paleate 
seeds resemble somewhat the woolly seeds of 
Aegle, and its trifoliolate leaves have a general 
similarity to those of Aegle, Balsamocitrus, and 
Afraegle, but its fruits differ widely in structure 
from those of other members of the subtribe. 

Swinglea makes a good rootstock for Citrus 
if planted in soil that is always warm; it is a 
much better rootstock for Citrus than any other 
Hard-Shelled Citroid Fruit Tree that has been 
tested so far. Another indication of the rather 
close relationship of Swinglea to Citrus and the 
five other closely related genera constituting the 
True Citrus Fruit Trees is that it is the only 
genus outside of this group that is attacked in 
the wild state by citrus canker, a disease caused 
by the bacterial parasite Pseudomonas citri. Lee 
(1918, p. 664) stated concerning Swinglea gluti- 
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nosa, which grows naturally and is also cultivated 
at the Lamao Experiment Station near Manila, 
P.I., not far from a large collection of Citrus spe- 
cies and cultivated varieties: “The susceptibility 
of C. [haetospermum = Swinglea] glutinosa to 
canker is easily greater than that of the sweet 
orange (Citrus sinensis) in the Philippines.” It 
should be remarked that no natural infections 
were observed on any of the many other Citrus 
relatives under observation with respect to their 
susceptibility to citrus canker, although some of 
them showed slight susceptibility when inocu- 
lated by the needle-prick method (see Lee, 1918; 
Peltier and Frederich, 1920). 


It must be remembered that the true taxo- 
nomic position of Swinglea is still somewhat in 
doubt and that it may prove to be rather closely 
related to the Primitive Citrus Fruit Trees, of 
which Hesperethusa and one species of Pleio- 
spermium also show a certain degree of relation- 
ship to Citrus by being attacked, in the wild 
state, by a fungus belonging to the genus Elsinoé, 
closely related to E. fawcettii Jenkins that causes 
scab or verrucosis on several species of Citrus. 


Burkillanthus, another of the Primitive 
Citrus Fruit Trees, of the subtribe Citrinae, shows 
striking similarities to Swinglea in its large fruits 
with stiff leathery rinds, its frequently trifoliolate 
leaves, and in the size, shape, and structure of 
its flower parts; but it differs widely from Swing- 
lea in the anatomy of its fruits and in its seeds. 
It would be very desirable to make comparative 
studies of the development of the fruits of Bur- 
killanthus and Swinglea and to make grafting 
tests in order to determine the degree of re- 
lationship of these two curious and little-known 
genera. 

Swinglea glutinosa (Blanco) Merr. Jour. 
Arnold Arbor. 8:131. 1927. Limonia glutinosa 
Blanco, FI. Filip. 358. 1837; Feronia ternata Blan- 
co, Fl. Filip. 2:252. 1845; Aegle decandra Naves 
apud F.-Villar, Nov. App. in Blanco, Fl. Filip. 
38. 1880; A. glutinosa (Bl.) Merr. Phil. Gov. Lab. 
Bur. Bul. 6:12. 1904; Limonia engleriana Perk. 
1905; Belou glutinosa (Bl.) Skeels, U.S. Dept. 
Agr. Bur. Pl. Ind. Bul. 162:26. 1909; Chaetosper- 
mum glutinosum Swing. Jour. Wash. Acad. Sci. 
3:102. 1913. Illus. Naves, in Blanco, FI. Filip. 2: 
pl. 124, 1880; Vidal & Soler, Sinop. Fam. Gen. PI. 
Lenosas Filip. Atl. pl. 25, fig. J (1-5). 1883; 
Swingle, Bul. Soc. Bot. France 58 (mém. 8d): pl. 
5. 1912; fig. 3-51 this work. 


Type.—Wanting. Substitute type: (Merrill, 
Plantae Blancoanae, No. 607). Herb. Bur. Sci., Manila. 
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Distribution.—Philippines: Luzon Island. 
Common name.—Tabog or swinglea. Native 


name: Tabog or boyag (in Tagalog language, Philippines). 


Blanco’s original description of this plant follows 
(translated from Spanish): “Trunk with large solitary 
spines. Leaves alternate, ternate. Leaflets lanceolate, emar- 
ginate, shining, the central one largest. Calyx with 5 teeth. 
Corolla with 5 thick linear petals, much pices than the 
calyx. Stamens 10. Ovary cylindrical. Style and stigma 
thick. Fruit oblong (3 in. [7.6 cm] long and more than 
2 in. [5 cm] thick) with protuberances and confused fur- 
rows on the surface, with about 10 locules and some seeds 
in each, obovate compressed, ending in a tuft of wool. 
Tree 8-10 yards high, [trunk] not very thick. It is used 
for pillars in houses. The fruit is aromatic and the juice 
sour. It is like a lemon and is used for ‘cola.’ I saw it on 
Mt. Arayat. Flowers in Dec. [Spanish name] Mala cabu- 
yao, Phil. name Tabog.” 


This original description may be supplemented 
from herbarium material from Luzon Island, P.I., and from 
living plants in the greenhouses of the U.S. Department of 
Agriculture as follows: Small or medium-sized tree; twigs 
angled when young and finely pubescent, soon becoming 
terete and losing pubescence; spines finely pubescent, 1 
or 2 in the axils of the leaves, especially on young vigorous 
shoots (flowering twigs frequently spineless); leaves 3- 
foliolate, terminal leaflets 8-12 x 3-5 cm, oblanceolate, 
bluntly pointed or sometimes rounded at the apex, gradu- 
ally narrowed into an acuminate, finely pubescent base 
which is not, however, differentiated into a petiolule, 
although winged for 4-1 cm and articulated by means of 
a pulvinus-like base, lateral leaflets oval or obovate, 2.5- 
5 xX 1.2-2.5 cm, %-% the length of the terminal one 
(never more than half as long as the terminal one!), 
bluntly cuneate and pubescent at base with a very short 
pulvinoid petiolule, 1-1.5 mm long, not articulated with 
the blade, but distinctly articulated with the petiole which 
is extraordinarily variable in length (0.5-5 cm), flattened 
above, finely pubescent, very narrowly winged; flowers 
solitary or in clusters in the axils of the leaves, or some- 
times terminal on short twigs leafy at the base; buds long, 
elliptical, 6-7 x 3-3.5 mm; calyx 2.5-3.5 x 1.5-2 mm, 
cup-shaped, with 5 blunt lobes; corolla white, petals 5, 
12-14 x 3-3.5 mm (in dried specimens); stamens 10, fila- 
ments filiform, glabrous, anthers linear, 3.5-4 x 1 mm; 
pistil 7.5-9 mm long, ovary short-stalked, obovate, pilose 
with stiff, yellowish-gray, bristling hairs, style slender, 
0.6-0.7 mm diam., sparingly hairy tats like those on the 
ovary), twice as long as the ovary, longitudinally furrowed 
(showing 8-10 furrows), stigma 1.3-1.6 mm diam., flat- 
tened like a mushroom, apparently faintly 10-furrowed; 

oung fruit showing the persistent style; mature fruit ob- 
ae cveid. 5-10 x 3-6 cm, locules 8-10; segment wall 
thickened, containing numerous large, elliptical mucilage 
aac seeds woolly, several in each locule, surrounded 

y glutinous pulp; 1 leathery with long, pointed, 
radially arranged oil glands. 


The fruit of Swinglea shows remarkable 
structures, here called tentatively mucilage 
glands, that seem to arise lysigenously, just as 
do the oil glands of the peel, leaves, et cetera. 
These ellipsoid lysigenous mucilage glands arise 
rather close together in the thick locule walls, 
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both dorsal and radial. Those on the outer por- 
tions of the radial walls slant obliquely away 
from the middle of the locule walls to the mem- 
brane that lines the narrow seed cavity at an 
angle of about 45° to the radial walls. Conse- 
quently the mucilage glands in the radial walls 
of adjoining locules are disposed at right angles 
to one another in a sort of herringbone pattern; 
at any rate they are thus disposed in young fruits 
when all the oe in the locule walls are nearly 
equal in size before the growing seeds have more 
or less displaced and distorted the glands near- 
est the axis of the fruit. 

It is not impossible that similar, less evi- 
dent, structures will be found in the thick radial 
locule walls of Aegle. The thin (2 mm) radial 
locule walls of Aeglopsis show numerous but 
very different glands that secrete mucilage, as 
described by Chevalier in Swingle (19125, p. 241, 
pl. 3, fig. 3). At any rate the mucilage glands of 
Swinglea are of such large size (5 to 10 by 2 to 


3.5 mm) that they cannot be overlooked (see 


fig. 3-51). 

The floral anatomy of Swinglea was found 
by Tillson (1938, pp. 22, 30, fig. 46; also Tillson 
and Bamford, 1938, pp. 789, 790) to be markedly 
different from that of the other genera of the 
Hard-Shelled Citroid Fruit Trees of the subtribe 
Balsamocitrinae in that the lateral sepal bundles 
are fused as they leave the axis with the petal 
midrib bundles. This remarkable condition has 
also been found in the five genera of the Primi- 
tive Citrus Fruit Trees, in the species of Citrus 
belonging to the subgenus Citrus, and in Para- 
mignya and Luvunga, all belonging to the tribe 
Citreae. 

The tabog, as this species is called in the 
Philippines, is a small thorny tree widely dis- 
tributed in Luzon Island. It was found impos- 
sible to top-graft Citrus scions on tabog trees 
growing out of doors at Manila, P.I., but in the 
Washington, D.C., greenhouses of the U.S. De- 
partment of Agriculture vigorous young seedling 
tabog plants took Citrus buds very well, and 
these buds continued to grow vigorously and to 
flower and fruit freely for many years. 

From the extraordinary energy of root 
growth of the tabog observed in greenhouse sec- 
tions kept at very high temperatures (up to 32.2° 
C, or 90° F), it seems probable that the tabog 
requires higher soil temperature during the win- 
ter than is found in the citrus-growing regions of 
the mainland of the United States except in ex- 
treme southeastern Florida, where the tabog has 
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made a very good growth in the sandy-loam and 
porous-limestone soil characteristic of the Miami 
region and has withstood temperatures as low as 
35° F without loss of its leaves. In the Panama 
Canal Zone in the Experiment Gardens at Sum- 
mit, the tabog was reported by J. E. Higgins to 
make a strong tree that fruited freely and yielded 
abundant viable seeds. Since World War I, the 
tabog has been introduced to many countries in 
tropical Central and South America, where it 
grows vigorously at altitudes of 1,500 meters 
or less (fig. 3-52). 

This species should certainly be given 
serious consideration as a rootstock for Citrus 
to be grown in greenhouses where the tempera- 
ture is warm all winter, and it should also be 
tested in tropical regions having high soil tem- 
peratures throughout the year. 


GROUP B. THE BAEL-FRUIT GROUP 

The genera of this group (Aegle, Afraegle, 
Aeglopsis, and Balsamocitrus) represent the typi- 
cal Hard-Shelled Citroid Fruit Trees and are 
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Fig. 3-52. Swinglea glutinosa. Large tree growing in 
the Magdalena River Valley near Amero, Colombia. 
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obviously closely related to one another in spite 
of their discontinuous distribution, Aegle being 
limited to southeastern Asia and neighboring 
East Indian islands and the other three genera 
to tropical and warm subtropical Africa. All four 
genera have rather large fruits varying from the 
size of a small orange (Aeglopsis) to the size of 
a small pummelo (Aegle and Balsamocitrus). All 
the genera of group B have fruits with a dense, 
hard, woody rind without longitudinal ridges like 
those found in the leathery rind of the tabog 
(Swinglea) of group A, and also without any sign 
of radially arranged shoe-peg-like elements, such 
as constitute the woody rind of Feroniella. 

Although all four of the genera that con- 
stitute the Bael-Fruit Group have fruits resem- 
bling those of Citrus in size, in the number of 
follicles, and in the number and arrangement 
of the seeds, none show any sign of the highly 
developed pulp-vesicles that characterize Citrus 
and the other genera of the True Citrus Fruit 
Trees. None of the Bael-Fruit Group will hybrid- 
ize with Citrus. However, they have been suc- 
cessfully grafted on Citrus species under green- 
house conditions at the Citrus Research Center 
in Riverside, California. 


XXVIII. Aegle Corréa 


XXVIII. Aegle Corréa, Trans. Linn. Soc. 
5:222. 1800. Belou Adans. Fam. 2:408. 1763. 


Type species.—Crataeva marmelos L. = Aegle 
marmelos (L.) Corréa. 


Distribution—India: wild in large colonies in 
northern India up to 1,219 m, also in central and southern 
India and Burma; widely cultivated in southeastern Asia 
and in the East Indian Archipelago. 


Common name.—Indian bael fruit. 


A thorny tree with deciduous, dimorphic 3-folio- 
late leaves; leadlets crenate, articulated with the petiole, 
see fing: ee soft texture, ues wines te ee 
nds; orescences axillary, oose ran : ice 
Shuntar than the petals; flowers Lorie: calyx fies 
small, saucer-shaped, with 4-5 short, blunt lobes; petals 
4-5, large, imbricate, long-ovate, with bluntly rounded 
apices; stamens very numerous, with subulate filaments 
and long, linear anthers; disk small, annular; ovary cylin- 
dric, with 8-20 locules, each containing numerous ovules 
in 2 rows; ovary tapering slightly toward the top and 
somewhat narrowed into the style, which is about % or % 
as long as the ovary; stigma with longitudinal furrows, 
cylindrical or bluntly conical, slightly wider than the 
style; fruits globose or subglobose with a very hard, 
woody shell, segments 8-16 or more (Talbot, 1909, p. 205, 
stated: “8-20”), narrow, filled with 6-10 or more seeds 
imbedded in transparent glutinous gum, lateral walls of 
the segments thickened and fleshy; seeds oblong, slightly 
flattened, woolly, monoembryonic; cotyledons hypogeous 
in germination. 


PENN STATE 


BOTANY OF CITRUS 


The genus Aegle is one of the three mono- 
typic genera of the orange subfamily (Poncirus 
and Feronia are the other two) with deciduous 
leaves. Two other genera of the subfamily, Clau- 
sena and Murraya, have deciduous-leaved spe- 
cies: Clausena has three species (C. pentaphylla, 
C. dentata var. dulcis, and C. suffruticosa) and 
Murraya has one species (M. alternans). 

Aegle is obviously related to the genera 
Balsamocitrus, Afraegle, and Aeglopsis of tropi- 
cal Africa but differs from all of them in having 
very numerous (30 to 40 or more) stamens (6 to 8 
times as many as the petals) and very numerous 
(8 to 16 or more) locules in the ovary, and also 
in having woolly seeds. It is a highly specialized 
gan having a certain degree of resistance to 
cold. 

Aegle marmelos (L.) Corr. Trans. Linn. 
Soc. 5:223. 1800. Crataeva marmelos L. Sp. PI. 
444. 1753; Belou marmelos (L.) Lyons, Plant 
Names 69. 1907. Illus. Roxburgh, Pl. Corom. 2: 
pl. 143. 1798; Wight, Icon. Pl. Ind. Or. 1: pl. 16. 
1840; Bentley & Trimen, Med. Pl. 1:55. 1880; 
Wilkins, Hindu Myth. 390. 1882; Bonavia, Cult. 
Orang. Lem. Ind. Cey. Atl. pls. 242, 243. 1890; 
Beddome, FI. Sylv. 1: pl. 121. 1869; Turner, 
Agric. Gaz. N. S. Wales 4: pl. 14. 1893; fig. 3-53 
this work. 


i [cult.] (Hermann). Herb. Brit. 
Mus., London. 

Distribution.—India, Burma, Thailand (?), Indo- 
China (?); widely cultivated in southeastern Asia and the 
East Indian Archipelago; native in northern India, often 
growing in large groups, up to 1,219 m altitude (4,000 ft); 
also native in central and southern India and Burma. 

Common name.—Indian bael fruit. 

Bentley and Trimen (l.c.) gave the following de- 
scription of this species: “A tree reaching a height of 30 
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or 40 feet when cultivated, with a short thick trunk and 
narrow oval head; in the wild state smaller and more 
irregular, with short, strong, sharp, spiny branches 1 inch 
or more in length in the axils of the leaves; bark bluish- 
grey, soft, with irregular furrows on the younger branches. 
Leaves alternate, compound, with one (rarely 2) pairs of 
shortly stalked opposite leaflets, and a larger long-peti- 
oled terminal one, leaflets 1-2 inches long, ovate or oval- 
ovate, abrupt or tapering at the base, somewhat attenu- 
ated towards the blunt apex, very shallowly serratocrenate, 
smooth, thin, midrib prominent beneath. Flowers % inch 
wide, sweet-scented, stalked, solitary, or in few-flowered, 
lax, erect, axillary or terminal cymes. Calyx shallow, with 
5 short, broad teeth, pubescent outside. Petals 5 (rarely 4), 
oblong-oval, blunt, thick, pale greenish-white, dotted with 
glands, imbricate, atoning, Stamens numerous, some- 
times coherent in bundles, hypogynous with short fila- 
ments half as long as the linear anthers. Disk none or voy 
small. Ovary oblong-ovoid, slightly tapering into the thi 
short style which is again somewhat thickened upward, 
stigma capitate, axis of ovary wide, cells numerous, 8-20, 
small, arranged in a circle, with numerous ovules in each 
cell. Fruit usually globose, 2-5 inches in diameter, peri- 
carp nearly smooth, greyish-yellow, about % inch thick, 
hard, filled with softer tissue becoming very hard and 
orange-red when dry; cells as in ovary. Seeds very numer- 
ous, somewhat compressed, ranged in closely packed tiers 
in the cells, and surrounded by a very tenacious, slimy 
transparent mucus which becomes hard when dry; testa 
white, covered with woolly hairs immersed in the mucus, 
embryo with large cotyledons, and a short superior 
radicle, no endosperm.” 

Aegle marmelos has dimorphic twigs: (a) 
normal twigs with internodes 3 to 5 cm long 
with one well-developed leaf at each node, often 
with one or two spines alongside; (b) foliage 
spurs produced on primary branches of the pre- 
vious year’s growth, usually very short, 1 to 3 cm 
long, with numerous very short internodes, each 
node bearing a leaf but no spines. The numerous 
leaves crowded on the foliage spurs vary greatly 
in size, the largest being nearly as large as the 





Fig. 3-53. Aegle marmelos. Left, slightly immature hard-shelled citroid fruit with leaves. Right, section of fruit. 
(Photos by L. C. Knorr. ) 
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normal leaves on rapidly growing long-internoded 
branches but having decidedly longer petioles. 
The smaller leaves borne near the base of the 
foliage spurs are often much dwarfed, sometimes 
being only one-fifth or one-tenth as long as nor- 
mal leaves. These crowded leaves of all sizes 
often hide almost completely the branches which 
bear them. 

Because of these dimorphic characteristics 
the bael-fruit tree presents a peculiar appear- 
ance, with its long, slender young branches with 
only a few leaves scattered along them arising 
from an inner crown of older branches almost 
completely covered with massed foliage borne on 
the leaf spurs. Poncirus trifoliata has somewhat 
similar dimorphic branches and leaves but shows 
much less variation in the size of the leaves pro- 
duced on the leaf spurs (see p. 346). 

Besides this dimorphism of twigs and 
leaves, Aegle marmelos shows great variability 
in both kinds of leaves on different seedling trees, 
not only in size but in important botanical charac- 
ters, such as the presence or absence of a sepa- 
rative layer at the junction of the terminal leaflet 
with its petiolule, the relative length of this 
petiolule and of the petiole, as well as the length 
of the petiole in relation to the length of the 
entire leaf. The petioles on some trees have dis- 
tinct wings on each side for almost their entire 
length and on other trees show only two incon- 
spicuous green lines broadened into very narrow 
wings at the upper end of the petiole. The leaflets 
vary greatly on different seedling trees in mar- 
ginal crenulation and flatness or curvature of their 
surface. There is also great variation in the pos- 
ture of the leaves on the twigs which bear them 
and the degree to which the blades, petioles, and 
supporting twigs show reddish coloration where 
exposed to sunlight. 

These surprising diversities in leaf charac- 
ters were studied by Swingle in October, 1941, 
on some thirteen fruiting trees growing at Coco- 
nut Grove and Homestead, Florida, and con- 
vinced him that it would be necessary to make 
a detailed study of both wild and cultivated 
bael-fruit trees in India. The extraordinary varia- 
tion in taxonomically significant characters shown 
by the trees grown from seeds imported from 
India very probably means that there are several 
different strains, botanical varieties, or even good 
species to be found among the wild plants grow- 
ing in the mountains of northern India. Seedlings 
of these diverse wild forms planted together in 
the villages would doubtless be cross-pollinated 
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by insects and produce complex and highly varia- 
ble hybrids like those we find growing in Florida. 

For many years few or no fruits of Aegle 
marmelos were produced by trees growing in 
the continental United States, but now the trees 
in southern Florida have fruited freely. S. J 
Lynch, former horticulturist of the Subtropical 
Branch Station of the Florida Agricultural Ex- 
periment Station at Homestead, found that many 
bael-fruit trees in southern Florida were suffer- 
ing from zinc deficiency. Application of small 
amounts of zinc sulphate caused them to make 
a vigorous new growth with green (not yellow- 
ish) leaves and favored the setting and maturing 
of a good crop of fruit. 

The Hindus esteem the ripe bael fruit very 
much; in fact, many of them consider it to be the 
best of the citrus fruits. Some European residents 
of India have béen known to develop a decided 
liking for it. Watt stated (1889, vol. 1, p. 123): 
“The fruit, when ripe, is sweetish, wholesome, 
nutritious, and very palatable, and eaten by all 
classes. The ripe fruit diluted with water, forms 
with the addition of a small quantity of tama- 
rinds and sugar, a delicious and cooling drink.” 
Concerning its medical value, W. R. Mustoe, then 
superintendent of the Government Archipelago 
Gardens, Lahore, India, wrote to David Fairchild 
on December 3, 1908, as follows: “All Indian 
medical authorities agree that the Bael fruit has 
a most salutory influence on the digestive system. 
The ripe fruit is mildly laxative and is a good 
simple remedy for dyspepsia. The unripe fruit is 
a specific of the highest value for dysentery so 
mild that it can be given to children without 
danger.” Roxburgh stated (1795-1819, vol. 2, p. 
23, pl. 143): “The fruit, delicious to the taste 
and exquisitely fragrant, is not only nutritious, 
but possesses a laxative and aperient quality, con- 
firmed by experience, which renders it partic- 
ularly serviceable in habitual costiveness.” 

The wild forms of Aegle marmelos have 
small fruits (5 to 7.5 cm in diameter), whereas in 
cultivated forms the fruits may attain a diameter 
of 12.5 to 17.5 cm (see fig. 3-53). According to 
Davis (1930, p. 111), in its wild or semi-wild state 
the bael-fruit tree grows freely in the Bahraich 
Forest in northern India (one of the northern dis- 
tricts of Oudh, in Uttar Pradesh State to the 
south of Nepal), even on poor clay soils where 
other trees fail. In view of the widespread use 
of the fruit in India both for food and for medi- 
cine, it is very desirable that this species be 
tested in the United States. Fortunately it is 
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easily propagated from seed and from layers. 
According to Turner (1893, p. 152), A. marmelos 
has been successfully fruited in northeastern 
New South Wales as far south as the Clarence 
River (about Lat. 29° 30 S.). It has for some 
time fruited in the warmer parts of the United 
States, and it is almost certain to succeed in 
Puerto Rico and Hawaii. In extreme southeastern 
Florida this species has been grafted successfully 
on Aeglopsis chevalieri and on Afraegle gabonen- 
sis, both of which are rather closely related plants 
that grow is Na aad in the sandy-loam, porous- 
limestone soils found in this region. 

Although the bael-fruit tree grows com- 
monly in tropical climates, it loses its leaves in 
winter when in a cool climate; moreover, it is 
able to endure low temperatures in India when 
in a leafless condition—as low, it is said, as 17.5° 
F (-8° C). It is possible that, like many other 
deciduous trees, it must be exposed to the proper 
degree of cold over a long enough period for 
food materials stored in the trunk and twigs to 
be rendered available to support the new growth 
in early spring. 


XXIX. Afraegle (Swing.) Engler 


XXIX. Afraegle (Swing.) Engler, Die Pflan- 
zenwelt Afrikas 3:761. 1915. Balsamocitrus Sec. 
Afraegle Swing. Bul. Soc. Bot. France 58 (mém. 
8d) :233. 1912. 

Type species.—Citrus paniculata Schum. = 
Afraegle paniculata (Schum.) Engl. 

Distribution—West Africa: Ghana, Togo, Da- 
homey, Nigeria, Cameroon, Gabon, Fernando Po Island. 

Common name.—African powder-flask fruits. 

Swingle described Afraegle as a section of Bals- 
amocitrus in 1912 and at the same time established the 
section Eubalsamocitrus for the typical species, B. dawei. 
The section Afraegle was raised to generic rank in 1915 
by Engler. In his revision of the whole plant family 
Rutaceae, Engler described it (1931, p. 352) as follows 
(in translation): “Calyx small, 5-merous, persistent. Petals 
5 linear, imbricate. Stamens about 20 with subulate fila- 
ments and anthers of about equal length, inserted in a 
broad lobed disk. Ovary short-ovate, roughened with 
glands, with about 8 locules, more or less, with numer- 
ous ovules in each locule; style shorter than the ovary 
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with a long-ovate stigma. Fruits large, globose or - 
shaped, with a hardish shell, many-seeded. Seeds large, 
up to 1.7 cm long, 1 cm thick, ovate, or wedge-shaped at 
the base, rounded or bluntly angled. Trees with trifolio- 
late, long-slender leaflets narrowed toward both ends, 
with axillary thorns and small 6-10-flowered racemes.” 

This West African genus of Hard-Shelled 
Citroid Fruit Trees contains three or four species 
of medium- or large-sized trees, including A. (?) 
asso, the tallest African species of the orange 
subfamily. Afraegle is more advanced from an 
evolutionary point of view than Balsamocitrus in 
that it has stamens three to four times as numer- 
ous as the petals (instead of only twice as many). 
Afraegle is related to Aeglopsis; the latter, how- 
ever, has simple leaves and only six locules in 
the ovary, instead of eight to ten, as in Afraegle. 
A key to the species of Afraegle is presented 
below. 

1. Afraegle paniculata (Schum.) Engl. Die 
Pflanzenwelt Afrikas 3:761. 1915. Citrus panicu- 
lata Schum. Dan. Vid. Selsk. Afh. 4:153. 1827; 
Aegle barteri Hook. f. 1895; Limonia warneckei 
Engl. 1905; Balsamocitrus paniculata (Schum.) 
Swing. Bul. Soc. Bot. France 58 (mém. 8d):231. 
1912. Illus. Hooker f., Icon. pl. 2285. 1895; Swin- 
gle, loc. cit. pls. 1, 2. 1912; idem, in Bailey, Stand. 
Cycl. Hort. 1:444, fig. 455. 1914; Engler, loc. cit. 
1915; idem, in Die Nat. Pflanzenfam. 19a:351, 
fig. 161. 1931; Tillson & Bamford, Amer. -Jour. 
Bot. 25:786, figs. 39-45. 1938; fig. 3-54 this work. 

Type.—West Africa, Gold Coast (Thonning, No. 
179 ?). Herb. Copenhagen (?). Cotype: Herb. Jussieu, 
Mus. Hist. Nat., Paris. 

Distribution—West Africa: Liberia (?), Ivory 
Coast, Ghana, Dahomey, Nigeria. 

Common name.—Nigerian powder-flask fruit. 

In 1912 Swingle quoted a detailed description of 
this plant by Chevalier. It reads as follows (in translation 
from the French): “Tree 8-15 m high, branching 1.5-2 
m above ground. Trunk 25-40 cm diam., bark brown, 
lightly split longitudinally. Branches numerous, spiny, 
making a rounded head like an orange tree. Young twigs 
green, slender, glabrous, spines straight, very sharp, 12- 
18 mm long, occurring in the axils of some leaves. 

“Leaves alternate, 3-foliolate or, by exception, 1- 
foliolate by abortion, 8-16 cm long, oinpletaly glabrous. 
Leaflets similar, oboval or oblong, cuneiform at base, 


KEY TO THE SPECIES OF AFRAEGLE 


A Leaflets broadly ovate, blunt-pointed; fruits large; a tree 30 meters high. ....................cecccccsesseeeteseseteeesestees 3) A. asso 
AA Terminal leaflet lanceolate or el Die sh and somewhat pointed. ..05.2:2.6 .eccithois eee, sareiarectceeeteinecaeas B 
B Leaves 3-foliolate; lateral leaflets 34-% as long as the terminal, obovate or oblong, rounded or bluntly pointed 


at the tips; stamens 4 times as many as the petals; fruits globose......................::ssssessesesseseeeeneeeees 1) A. paniculata 
BB Leaves 3-foliolate or 1-foliolate; lateral leaflets less than half as long as the terminal one, linear or lanceolate, 


ACUTE AE ANG CDS ices cceaipatdasceceavuiecs. Wotesesecusedyeome nee. 


POP OR Meme eee CPE Ow ee eF MF TOS SSSETASTOEEH OSES HS SOT EH OH STESESSE SS SSeaMOSSHFT FH SOSSSSSevesEDeessesestoe 


C Leaflets linear, narrowed and decurrent into the petiolule, finely serrate on the margins; fruits pyriform. 


4) A. milbraedii 


CC Leaflets lanceolate, rather bluntly pointed at the base, not decurrent into the petioles in 1-foliolate leaves; 
stamens 3 times as many as the petals; fruits slightly pyriform, ...................c:eseessecseeeeeteeenees 2) A. gabonensis 
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rounded or alternate, subacute at the apex, sometimes 
retuse, HpALY crenulate in the upper half or 24 of the 
margin, firm or subcoriaceous, a beautiful green color 
both above and below, central leaflet a little larger than 
the lateral ones, measuring 4.5-11 cm long and 2.5-5.5 
cm broad, borne on a stints 5-30 mm long, articulated at 
the two ends, lateral petioles 2-10 mm long. Inflores- 
cences small, axillary panicles, 4-6 cm long, few-flowered 
(6-10 fls.), isolated at the axil of the leaves or inserted on 
parts having already lost their leaves. Rachis and pedicels 
glabrous green, pedicels 2-3 mm long. Flowers white, 
with a strong bie of ‘berlingot,’ glabrous, buds ovoid. 
Calyx cyathiform, 3-4 mm long with 4 short lobes 
rounded and irregular. Petals 4, oval, oblong, rounded at 
the apex, greenish outside, white inside, 10-13 x 46 
mm, curved backward. Stamens 15-20 (usually 16), fila- 
ments free, white, fusiform, erect, 4-5 mm [long]; an- 
thers oblong, 2.5 mm long. Disk greenish- stipulate, 
slightly lobed. Ovary ovoid, greenish, divided into +8 
locules. Stigma Rall, glandular, 3 mm long, borne on a 
very short style... . 

“Fruit globose or obovoid, sometimes slightly 
stipulate at base, almost always depressed at the top, as 
large as a big orange (6-8 cm diam. when mature), 
wrinkled on the surface, sometimes tuberculous, without 
odorous glands. 
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“Pericarp hard, 4-5 mm thick, resembling the 
pericarp of large fruited Strychnos, remaining green when 
mature, then becoming grayish. 


“Segments 8 (!) with smooth walls (not covered 
with fleshy hairs). Each segment contains numerous seeds 
irregularly arranged in 2 or 3 rows, inserted in the 
placenta, axillary and in orderly arrangement, tegument 
whitish, parchment-like.” 

Fresh flowers of Afraegle paniculata from 
a tree grown in the citrus greenhouse of the for- 
mer Bureau of Plant Industry at Washington, 
D.C. (see fig. 3-54), were compared on July 10, 
1937, with fresh flowers of A. gabonensis grown 
in the same greenhouse. They showed the follow- 
ing points of difference: Inflorescences of A. 
paniculata much longer, but pedicels slightly 
shorter (3 to 4 mm long); flowers about the same 
size as those of A. gabonensis; calyx not flat and 
discoid but cup-shaped with 3 to 5 clearly 
marked, very bluntly pointed lobes, finely ciliate 
at the apex; petals very similar to those of A. 
gabonensis; stamens similar but in A. paniculata 


= 
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Fig. 3-54. Afraegle paniculata. Left, flowering branch from tree grown at the former Bureau of Plant Industry 
citrus greenhouse in Washington, D.C. Right, leafy branch from tree grown at Citrus Research Center, Riverside, 


California. 
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nearly four times as numerous as the petals (often 
one or two short of this number), whereas in A. 
gabonensis three times as many (or a few short); 
disk smaller, about 3.5 to 4.5 mm wide and 1.5 
mm high, ey instead of yellowish-green, 
as in A. gabonensis. 

This tree, which reaches a height of 15 
meters, is often planted by the natives in their 
villages in Dahomey and Nigeria. The seeds are 
said to yield an edible oil and the leaves are 
sometimes macerated and added to the water 
used for bathing. In the United States, this spe- 
cies grows well in the greenhouses of the U.S. 
Department of Agriculture and sometimes flow- 
ers, but so far has not borne fruit. In the quasi- 
tropical coastal region near Miami, Florida, which 
has an unusual type of soil consisting largely of 
porous-limestone rock intermingled with fine sand 
or very sandy loam, this species, when well fer- 
tilized, makes extraordinary growth—probably 
ten times as fast as in the Washington green- 
house. A tree growing near Coconut Grove, when 
only four or five years old and only 5 feet (1.6 to 
1.8 m) high, had a lateral spread of 15 to 20 feet 
(4.5 to 6 m). As it grew older, this tree became 
much taller but still had long branches. Afraegle 
paniculata grows in the Miami region much more 
rapidly than Aeglopsis chevalieri (another vigor- 
ous but dwarfish West African Hard-Shelled Cit- 
roid Fruit Tree), and is being tested as a rootstock 
for the bael fruit Aegle marmelos, a species which 
often does not grow well on its own roots. 7 

2. Afraegle gabonensis (Swing.) Engl. Die 
Pflanzenwelt Afrikas 3:761. 1915. Balsamocitrus 
gabonensis Swing. Bul. Soc. Bot. France 58 (mém. 
8d):233. 1912. Illus. Swingle, loc. cit. 58 (mém. 
8d): 235, fig. B, pl. 4. 

Type.—West Africa, Gabon (Congo francaise) 
(R. Pére Klaine, No. 2008); plant grown ae seed of 
this collection in greenhouse of Jardin des Plantes at 
Paris was for many years grown in the citrus greenhouse 
of the former Bureau of Plant Industry, Washington, D.C. 
(C.P.B. No. 7516). Natl. Herb., Washington, D.C. Cotype: 
Gabon du Nord (R. Pére Klaine, No. 1106, fruit with 
seeds). Herb. Mus. Nat., Paris. 

Distribution. West Africa: Gabon. 

Common name.—Gabon powder-flask fruit. 


Swingle’s original description of this species reads 
as follows (in translation): “Balsamocitrus with simple or 
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3-foliolate leaves, lateral leaflets much shorter than the 
terminal one (never half as long), lanceolate or narrowly 
lanceolate, more or less acute at the apex, acute at the 
deltoid base, margin almost entire or slightly crenate, 
densely glandular-punctate; petioles winged, 0.5-3.5 cm 
long in 3-foliolate ae much longer than in 1-foliolate 
ones, very glabrous, flattened above, spines slender; sharp, 
solitary or in pairs in the axils of the leaves, scarcely as 
long as the aoe 1-2 cm long or very slightly recurved. 
Flowers unknown. Fruits subpyriform, size of a large or- 
ange, cortex hard, 3 mm thick; seeds numerous, glabrous, 
oval or cuneiform, more or less angled, 14-1% cm long. 
%-1 cm wide. Spiny tree, young twigs virgate green.” 

Fresh flowers from a tree grown in the former 
Bureau of Plant Industry greenhouse at Washington, D.C. 
(tree grown from seed sent by R. Pére Klaine {No. 2008] 
in 1892 from Gabon to Paris, brought to the United States 
in 1912 by Swingle [l.c.]), were examined. The inflores- 
cences are short, axillary racemes or corymbs, pedicels 
glabrous, 5-7 mm long, 1 mm diam. at base, 2 mm diam. 
at junction with the calyx; calyx 3-4 mm diam., thick, 
flat, plate-shaped with lobes very faintly or not at all 
marked, but with a thin, hyaline, ciliate membrane around 
the margin (the interruptions in this membrane sia 
delimit the poorly defined sepals); bud broadly conical, 
4-5 mm wide and 7-8 mm long, vivid green; petals 3-5, 
green without, greenish-white or cream-white where 
thickest, 9-11 mm long, 3-5 mm wide, ovate-rounded at 
the tip and slightly acute, curved, strongly incurved near 
the apex, soon falling, each carrying 2 stamens attached 
at the base; stamens apparently 3 times as many as the 
petals (9-15), 4-6 mm long, glabrous, subulate, 1 mm 
diam. at the base, 0.5 mm at attachment to anthers, which 
are linear, arising at the base of a very long lobed disk 
and curving upward along the furrows in it; disk 5-6 
mm diam., 2-3 mm high, forming a shallow cup in which 
the ovary fits loosely; ovary ovate, about 3 mara high, 24-3 
mm wide, with 8 locules; ovules in each locule numerous, 
in 2 rows; style very short, thick, 1% mm wide, 1 mm 
long, ending in an ovoid glutinous stigma, 2 mm long and 
14% mm wide. 


Afraegle gabonensis, like Aeglopsis egge- 
lingii, has three times as many stamens as petals,°° 
not twice as many or four (or more) times as 
many as do the other species of the subfamily. 
This species grows vigorously and fruits sparingly 
in the Fairchild Gardens, Coconut Grove, Florida. 


IMPERFECTLY KNOWN SPECIES 


3. Afraegle asso Engl. Die Pflanzenwelt 
Afrikas 3:761. 1915. 


Type.—Molunda district, southern Cameroons, 
West Africa. Herb. Bot. Mus., Berlin-Dahlem. 


Distribution—Known only from the type locality. 


80 This unusual number of stamens is almost certainly due to the outer whorl (alternative with the petals) per- 
sisting in the ancestral number, whereas the inner whorl is doubled at an early stage of development. Penzig, who Feld 
to the view of obdiplostemony in Citrus was hard pressed to find clear proof of any differentiation of the stamens of 
Citrus into two distinct whorls. He finally discovered (1887, p. 69) a not uncommon monstrosity, a partly double-flow- 
ered variety of Citrus in which the stamens of the outer whorl but not the inner whorl were transformed into petals. The 
flower of A. gabonensis is the first instance yet found in the orange subfamily of a normal (not teratological) difference 


in the stamens of the two whorls. 


Google 


412 


Engler’s short description (l.c.) reads in transla- 
tion as follows: “Finally there is found in the District 
Molunda, in South Kamerun, a tree up to 30 meters 
[98% ft.] high, with broadly ovate leaflets and large 
fruits.” 

According to Engler, this species and A. 
milbraedii may belong to Balsamocitrus instead 
of to Afraegle, as flowers (necessary to decide 
to which genus they belong) are still unknown. 

4, Afraegle milbraedii Engl. Die Pflanzen- 
welt Afrikas 3:761. 1915. 

Type.—San Carlos, Fernando Po Island, West 
Africa. Herb. Bot. Mus., Berlin-Dahlem. 

Distribution——Known only from the type locality. 

Engler gave (l.c.) a very brief notice of this spe- 


cies as follows: “[Afraegle gabonensis] is rather closely . 


approached by A. Milbraedii from San Carlos on Fer- 
nando Po, of which unfortunately we have only imperfect 
specimens; it is distinguished from A. gabonensis by leaf- 
lets that are more linear than lanceolate but more 
strongly narrowed into the petiolule at the base, and 
finely crenulate on the margins; the pear-shaped, hard- 
shelled fruits are unfortunately not developed normally.” 
Since Engler (1931, p. 353), shortly before his death, re- 
printed this unchanged, evidently no additional material 
had been obtained. 


XXX. Aeglopsis Swingle 


XXX. Aeglopsis Swingle, Bul. Soc. Bot. 
France 58 (mém. 8d):237. 1912. 

Type species.—Aeglopsis chevalieri Swing. 

Distribution. West Africa: Ivory Coast. 

Common name.—Dwarf powder-flask fruit. 

Much branched, very spiny small tree or shrub; 
leaves simple, subcoriaceous, pellucid-punctate; petioles 
short, spines solitary, axillary; inflorescences axillary pani- 
cles, few- or many-flowered; flowers 4-5-merous; stamens 
2 or 3 times as many as the petals; style very short, 
stigma cylindric, viscous; disk large, lobed, sulcate, annu- 
lar, enclosing the ovary, which has 6-8 (rarely 5) locules, 
ovules 12-18 (?) in each locule; fruit subglobose or pyri- 
form, 5-11 cm long, 4-8 cm diam., size of an orange, with 
a hard, woody shell, filled with mucilaginous juice; seeds 
ovate-compressed, with a coriaceous, glabrous testa. 

This genus of two species, one found in 
the Ivory Coast region of West Africa and the 
other one in Uganda and Sudan in East Africa, is 
doubtless closely related to Afraegle, Balsamo- 
citrus, and Aegle. It is the simplest form of all 
this group of Hard-Shelled Citroid Fruit Trees 
in that it has fewer locules in the ovary (6 to 8 
instead of 8 to 20); moreover, it has twice or 
three times as many stamens as petals, a some- 
what primitive character in the orange subfamily. 
It shows, however, an advanced character in its 
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invariably simple leaves (even the first two oppo- 
site pairs of post-cotyledonary leaves are simple). 
A key to the | ee of Aeglopsis appears below. 

1. Aeglopsis chevalieri Swing. Bul. Soc. 
Bot. France 58 (mém. 8d):240. 1912. Illus. Swin- 
gle, loc. cit. pl. 2, figs. 1-9, and pl. 3; idem, in 
Bailey, Stand. Cycl. Hort. 1:223, fig. 130. 1914; 
fig. 3-55 this work. 

arial de Sassandra, Ivory Coast, West 
Africa (Chevalier, No. 17940). Herb. Chevalier, Herb. 
Mus. Hist. Nat., Paris. Paratypes: Herb. Mus. Nat., Paris, 
and Natl. Herb., Washington, D.C. 

Distribution.—Collected only along the Ivory 
Coast from western Sassandra to the Liberian frontier; 
doubtless occurs also in Liberia and in Ghana. 

Common name.—Chevalier’s aeglopsis. 

Shrub or small tree, branches numerous; spines 
solitary, straight, strong, pointed, 2-3.5 (sometimes 3-7) 
cm long; leaves simple, medium-sized, 5-12 x 2.5-7 cm, 
elliptical, rounded at the apex or short-acuminate, cuneate 
at base and merging gradually into the short, glabrous, 
wingless aa (2-4 mm long), which is not articulated 
with the leaf blade; inflorescences small, axillary panicles, 
few-flowered (4-8) or sometimes many-flowered (20-40), 
pedicels slender (3-5 mm long); flowers glabrous, white, 
calyx 4-5 mm diam., with 4-5 short, wide lobes more or 
less rounded, petals 5 (sometimes 4), white, oblong-lanceo- 
late, rounded at the apex, 9-12 x 3.5-5 mm, caducous, 
stamens 8-10, filaments free, linear, 5-6 mm long, anthers 
oblong, 2.5-3 x 1 mm; disk subcupulate, very large, 5-6 
mm diam., 2.5-3 mm high, with about 10 rounded lobes; 
ovary ovoid, 2.5-3 x 2-3 mm, merging imperceptibly 
into the short style, locules 6 (sometimes 5), containing 
numerous ovules (12-18 ?) arranged in 2 series; fruits glo- 
bose or pyriform, attenuate at the base when young, 6-9 
cm diam., with 6 (sometimes 5) segments, 8-12 seeds in 
each segment pressed together and imbedded in a liquid, 
mucilaginous jelly secreted by the glands on the locule 
walls; peel semicoriaceous, green, becoming yellowish, 3 
mm thick, with many nonodorous superficial glands; seeds 
ovoid, flattened, 12-16 mm long, 10-12 mm wide, and 4- 
7 mm thick, with a parchment-like, glabrous testa. 

Aeglopsis chevalieri is the only Hard- 
Shelled Citroid Fruit Tree that has flowered and 
set fruit freely in the orange house of the U.S. 
Department of Agriculture at Washington, D.C., 
while still a small tree, 2 to 3 meters high (fig. 
3-55). It flowers profusely and bears a few small, 
pyriform, only moderately hard-shelled fruits of 
brilliant orange-brown color. The seeds germi- 
nate freely, but the cotyledons, although turn- 
ing green, remain buried in the soil. Seedlings 
of A. chevalieri planted some years ago in David 
Fairchild’s collection of Citrus and related plants 
in his tropical garden, “The Kampong,” at Coco- 


KEY TO THE SPECIES OF AEGLOPSIS 


A Fruits subglobose or slightly pvriform, 3.5-5 x 2.5-3.5 cm; stamens twice as many as the petals......... 1) A. chevalieri 
B Fruits somewhat pyriform, Y-11 x 7-8 cm; stamens three times as many as the petals........................2) A. eggeling#i 
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nut Grove, Florida, have made a remarkably 
vigorous growth. They have flowered profusely 
and have ripened abundant fruits filled with 
good seeds. 

Seediing plants of this species, so easily 
obtained in quantity, make excellent rootstocks 
on which to graft Balsamocitrus, Afraegle, and 
also Aegle, genera which seldom fruit in the 
United States and which are also hard to propa- 
gate from cuttings. Aeglopsis seedlings were used 
not only to propagate the rare East African Bal- 
samocitrus dawei by grafting the latter species 
on the young seedlings but also to induce root- 
ing of Y-cuttings of Balsamocitrus dawei (see 
Swingle, Robinson, and May, 1929, p. 79). 

2. Aeglopsis eggelingii M. R. F. Taylor, 
Kew Bul. Misc. Inform. 1940:53. 1940. 

Type.—Uganda, Bunyoro District (Lat. 1° 10’-2° 
20’ N., Long. 30° 40’-32° 25’ E.), Siba Forest (Eggeling, 
No. 3006). Herb. Kew. 

Distribution Uganda: between Lake Edward 
and Lake Albert, Toro District, Bunyoro District; Sudan: 
Equatoria Province, Lado. 

Common name.—Eggeling’s aeglopsis. 
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The original description translated from Latin 
reads: “Differs from A. Chevalieri Swingle in its shrubby 
habit, axillary spines seldom paired, pedicels with bracts, 
globose buds, petals 3 or 4, ovate, never lanceolate, sta- 
mens 3 times as many as the petals, ovary 7-8-locular, 
Much-branched shrub, 4 m high, spiny, glabrous. 
Branches rounded, compressed when young, brownish, 
internodes 2-4 cm long, spines axillary, solitary or paired, 
2-3 cm long, stiff, erect, spreading wedived simple, alter- 
nate, subcoriaceous; petioles 5-8 mm long, canaliculate- 

ulvinate; leaf blade ovate or ovate-lanceolate, 7-14 cm 
fag. 3-5.5 cm wide, apex obtuse or acute or often acu- 
minate, cuneate towards the base, margins slightly and 
irregularly crenate, dark green above, pale green below, 
densely pellucid-punctate on both sides, midrib prominent, 
lateral veins 7-10 on each side, spreading, arcuate; inflor- 
escence axillary, few-flowered (about 5), peduncles irreg- 
ularly branched, branchlets very short (up to 3 mm long), 

dicels 3 mm long ‘ampliati’ [swollen above ?], with 2 
Fecke. glandular-punctate, bracts ovate-lanceolate, 1 mm 
long, obtuse; flowers 1.5-2.5 cm diam., greenish-white, 
buds globose or slightly 3-4-lobed, about 4 mm diam.; 
petals 3-4, ovate, 1 cm long, 7-8 mm wide, obtuse at the 
apex, truncate at base, thick, glandular-punctate, longi- 
tudinally striate above, margins sometimes slightly in- 
curved towards the apex; stamens 9-12 (3 times the num- 
ber of the petals), filaments strap-shaped, attenuate towards 
the apex, about 5 mm long, 1 mm wide, compressed, 


Fig. 3-55. Aeglopsis chevalieri. Left, slightly immature hard-shelled citroid fruit. (Photo by L. C. Knorr.) Right, 
flowering branch from tree grown by the U.S. Department of Agriculture, Washington, D.C. 
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thick, incurved; connective glandular at apex; anthers ob- 
long, 2 mm long, about 1 mm wide; disk annular, 5-6 mm 
diam., 1.5-2 mm high, lobed, sulcate; ovary ovoid, 3-4 
mm long, 2-3 mm diam., base sunk in the disk, locules 
7-8, ovules numerous; style 2 mm long, 1 mm diam., 
rounded; stigma cylindrical, about 1.5 mm diam.; fruit 
subpyriform, 9-11 cm long, 7-8 cm diam., fragrant, 7- 
locular, locules widely triangular, polyspermous, peel sub- 
ligneous; seeds sibellineotd. 1-1.5 cm long, 8 mm wide, 
compressed.” 

William J. Eggeling, who discovered this 
species and in whose honor it was named, made 
an interesting report about it in a general work 
on the forest trees of Uganda (1940, p. 205). He 
stated that it is a fies bush or tree, growing up 
to 20 feet high on the edges of the forest; “spines 
strong, straight, sharp, slender 14-14 in. [8 to 13 
mm] long”; also, “fruit yellow-green, woody, pear- 
shaped, up to 3 in. diam. [75 mm]; seeds sur- 
rounded by a strongly aromatic balsam.” 


XXXI. Balsamocitrus Stapf 


XXXI. Balsamocitrus Stapf, Jour. Linn. 
Soc. 37:504. 1906. 

Type species.—Balsamocitrus dawei Stapf. 

Distribution. Uganda: a monotypic genus known 
only from the type locality in the Budongo Forest, Un- 
yoro. 

Common name.—Uganda powder-flask fruit. 

Stapf’s original description of the genus reads, in 
translation, as follows: “Related to Aegle, but distinct in 
habit of growth, in having thick leaves, and chiefly in 
having few stamens and the seed with glabrous testa. 
Flowers hermaphrodite. Calyx small, 5-merous, persistent 
for a day. Petals 5, oblong, imbricate. Stamens 10; fila- 
ments subulate, longer than the sagittate anthers, inserted 
[sic] in the annular disk. Ovary ovoid, with 8 locules; 
style short, conical-cylindric, soon deciduous; stigma in- 
conspicuous, slightly sulcate; ovules many in each locule, 
in 2 series. Fruit ovoid-globose, with a woody cortex, 8 
ad filled with many seeds in a liquid balsamic 
jelly, pulp scarce. Seeds subellipsoid, slightly compressed, 
testa coriaceous, very glabrous. Endosperm lacking. Em- 
bryo with large thick fleshy cotyledons, radicle small. Un- 
armed tree, tall. Leaves 3-foliolate, leaflets thick, corta- 
ceous, subcrenulate, pellucid-punctate. Panicles axillary, 
short, flowers, small. Fruit large. One species.” 

Balsamocitrus is dorierently the most prim- 
itive of the four closely related genera of Hard- 
Shelled Citroid Fruit Trees (Balsamocitrus, Ae- 
glopsis, Afraegle, and Aegle). It is like Aeglopsis 
chevalieri in having only twice as many stamens 
as petals but, unlike the simple-leaved Aeglopsis, 
it retains the trifoliolate leaves undoubtedly an- 
cestral in this group, and very rarely produces 
unifoliolate leaves. Balsamocitrus does not show 
the exuberantly-developed, lobed disk that is 
found in the other African genera of this group, 
Aeglopsis and Afraegle, but has a simple, annular 
disk like the Indian genus Aegle, which, how- 
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Fig. 3-56. Balsamocitrus dawei. Leafy twig. 


ever, differs from all the African ipa in having 
very numerous stamens and woolly seeds. 

Balsamocitrus dawei Stapf, Jour. Linn. 
Soc. 37:504. 1906. Illus. Stapf, loc. cit. pl. 37; 
Swingle, Bul. Soc. Bot. France 58 (mém. 8d):226, 
fig. A. 1912; idem, in Bailey, Stand. Cycl. Hort. 
1:443, fig. 454. 1914; Swingle, Robinson, & May, 
Jour. Hered. 20(2): figs. 9-12. 1929; Eggeling, 
Indig. Trees Ugand. fig. 58, a—d. 1940; fig. 3-56 
this work. 

Type.—East Africa, Uganda, Unyoro, in the Bu- 
dongo Forest east of Lake Albert Nyanza (Dawe, No. 
788). Herb. Kew. 

Distribution —Known only from the locality. 

Common name.—Uganda powder-flask fruit. 

The original description, as translated, reads: 
“Tree about 20 m tall, very glabrous. Twigs rather thick, 
on drying black, young ones hollow or spongy (‘fistulosus’). 
Leaflets unequal, ovate or ovate-elliptic, somewhat ob- 
tuse, or subacuminate, acute at the aN crenulate, 4-7 
cm long, 3.5-5 cm wide, on drying fuscous, black-punc- 
tate; lateral petiolules 7-10 mm long, intermediate termi- 
nal ones up to 15 mm long; the common petioles 2.5-3 cm 
long. Panicles 2-4 cm long, contracted; bracts very small; 
ultimate pedicels up to 4 mm long, rather thick. Calyx 
up to 2 mm long, segments broadly ovate, acute, some- 
what thick. Petals white, 5 mm long. Filaments 2 mm (or 
a little more) long; anthers scarcely 1.5 mm long. Fruit up 
to 13 cm long, 11 cm wide, cortex 5 mm thick. Seeds up 
to 16 mm long, 10 mm wide, 8 mm thick. Unyoro, Bu- 
dongo Forest, Dawe 788.” 





BOTANY OF CITRUS 


Eggeling, in his work on the forest trees 
of Uganda, stated (1940, p. 205): “Deciduous 
forest tree, 70 ft.; flowers greenish-yellow in 
contracted axillary panicle, 2-3 in. [50-75 mm] 
long, petals ¥% in. [5 mm] long [sic], very odorous, 
woody (shell 4% in. [5 mm] thick); yellow-orange 
when ripe, ovoid globose, up to 544 in. [13 cm] 
diam., 6-8 locules; seeds several per locule, about 
24 in. [16 mm] long. Wood yellow-white, even in 
grain, hardy, nailing badly but not splitting, dif- 
ficult to saw, planing badly, turning well, taking 
a good polish; weight 52 Ibs. per cu. ft. air-dry.” 

This remarkable Citrus relative is native to 
the plateau of Uganda, East Africa, to the east 
of Lake Albert, at altitudes of 600 to 915 meters 
(2,000 to 3,000 ft.), where it attains a height of 
about 25 meters (82 feet). Seeds were collected 
by M. T. Dawe from the type locality and sent 
to Swingle at the former Bureau of Plant Indus- 
try before World War I. Under culture in the 
greenhouse it grew freely, but even after many 
years did not flower. (See fig. 3-56.) 

Balsamocitrus dawei can be ide aa 
easily by grafting on seedlings of Aeglopsis cheva- 
lieri (which fruits freely in the greenhouse) and 
twigs can be forced to root by the so-called nurse- 
grafted Y-cutting method (Swingle, Robinson, 
and May, 1929, p. 79), where one fork of the Y 
is grafted on Aeglopsis until the base of the 
Y strikes root. It is highly probable that Balsa- 
mocitrus could be grafted also on the species of 
Afraegle, and on Aegle as well, as it is closely 
related to both of these genera. As it is one of 
the largest trees among the Hard-Shelled Citroid 
Fruit Trees (subtribe Balsamocitrinae), it should 
be tested as a stock for Aegle, the bael fruit of 
India, the most important widely consumed spe- 
cies in the subtribe but one that has proved dif- 
ficult to grow on its own roots in the United 
States. 
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GROUP C. THE WOOD-APPLE GROUP 


This well-marked group comprises two 
enera, Feronia and Feroniella, which differ from 
all the other genera of the subtribe Balsamocitri- 
nae in having a most remarkable fusion of the 
four to six locules of the ovary into a single 
cavity (showing when young short rudiments of 
the follicule lateral walls that, however, do not 
reach to the center of the ovary). As the core or 
axis of the ovary has disappeared, an entirely 
new placentation has developed in this group 
which is not found elsewhere in the orange sub- 
family or even elsewhere in the family Rutaceae: 
a placenta develops along the middle of the 
ventral wall of each of the original locules and 
bears very numerous ovules that because of their 
long raphae are pendent and spread apart until 
they seem to cover the whole ventral wall. 

All in all, no other group of Citrus relatives 
shows such striking deviation from the normal 
in ovary and fruit structure. Nevertheless, Citrus 
can be grafted on both Feronia and Feroniella, 
and there can be no doubt that the genera of 
group C are related to those of group B. There 
is less evidence of relationship of group C to 
group A, but plants of both of these groups can 
be grafted on Citrus. 


XXXII. Feronia Corréa®! 


XXXII. Feronia Corréa, Trans. Linn. Soc. 
5:224. 1800. 


Type.—Feronia elephantum Corréa = F. limonia 
(L.) Swing. 

Distribution.—India, Ceylon, Burma, Thailand, 
Indo-China. 

Common name.—Indian wood apple. 


Flowers in loose panicles, hermaphrodite, by 
abortion polygamous; calyx small, 5-toothed, caducous; 
petals 5, rarely 4-6, s readings oblong or ovate-lanceolate, 
imbricate in the bud, stamens 10-12; filaments dilated, 
bound together by densely woolly pubescence at the base, 


81 Airy-Shaw (1939, p. 293) has proposed substituting the generic name Limonia for Feronia. However, in view 


of the origin and subsequent misuse of the name Limonia such a substitution seems inadvisable. When Linnaeus estab- 
lished the genus Limonia in 1762 he failed to describe it, and although it apparently covered what he assumed to be a 
single species, Limonia. acidissima, he included in the synonomy plants belonging to at least two species, one each, in 
the genera Hesperethusa and Feronia (citing illustrations of both) and probably to a third species in the a Citrus! 
Thus, from the very start, the name Limonia was a nomen confusum, “derived from two or more entirely discordant 
elements,” which “must be rejected” in accordance with Article 70 of the International Code of Botanical Nomencla- 
ture (Lanjouw, 1961, p. 50). Furthermore, the name Limonia acidissima was epparenty never used by any botanist for 
the wood apple, but was often misapplied to the plant now known as Hesperethusa crenulata. In 1800 Corréa da Serra 
established the genus Feronia for the wood apple, and since that date all botanists have so used it. On the other hand, 
Limonia has become a true nomen ambiguum, “permanent source of confusion or error,’ as it has been applied to 
plants pe oneine to at least thirteen very diverse genera, namely, Micromelum, Glycosmis, Murraya, Triphasia, Pambu- 
rus, Luvunga, Paramignya, Severinia, Pleiospermium, Hesperethusa, Citropsis, Atalantia, and Swinglea, Ac abacin: 
both tribes and five of the six subtribes which constitute the subfamily Aurantioideael In view of the Abie origin an 
wholesale misuse of the name Limonia the genus name Feronia should be conserved and Limonia should be rejected. 
For this reason we are using the name Feronia. 


Google 


416 


subulate at the apex; anthers large, linear-oblong, attached 
at the base, disk short; ovary globose, incompletely 4-6- 
locular, then 1-locular (with 4-6 parietal placentae), 
merging into a short, thick, attenuate style; stigma ob- 
long-fusiform; ovules at the internal angles of the incom- 
lete ovary walls, very numerous, in several series; fruit 
arge, globose, having a woody shell, with a single cavity, 
with numerous parietal act a bearing numerous seeds 
surrounded by a gum-like pulp; seeds oblong, compressed, 
testa thin, brown, hairy; cotyledons thick, fleshy, radicle 
pointing away from the hilum. A medium-sized spiny tree 
with hard wood. Spines short, straight, axillary. Twigs and 
leaves densely covered with minute pubescence when 
very young, soon glabrous. Leaves deciduous (in tropical 
climates often persistent), odd-pinnate, leaflets opposite, 
subsessile, entire or slightly crenulate, pellucid-punctate; 
petiole and rachis simple or winged. 





2.5 cm 


Fig. 3-57. Feronia limonia. Leafy twig with spines. 
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This genus deviates widely from all the 
other genera of the orange subfamily except 
the closely allied Feroniella in having an ovary 
that in its earliest stages of development shows 
four to six locules which soon fuse into a single 
locule with parietal placentae with very numer- 
ous ovules. From Feroniella, to which it is ob- 
viously closely related, it differs in having only 
twice as many stamens as petals (instead of four 
times as many), stamens without basal appen- 
dages, hairy seeds, and a fruit with a woody 
shell not composed of wedge-shaped radial ele- 
ments. The leaves of Feronia, as well as those 
of Feroniella, are odd-pinnate with paired oppo- 
site leaflets on a rachis that is composed of seg- 
ments articulated at each leaf pair. This character 
is found only in the tribe Citreae and there only 
in the pinnate-leaved species. The fact that Citrus 
can be grafted on Feronia is an indication of its 
not too remote relationship to the True Citrus 
Fruit Trees. 

Feronia limonia (L.) Swing. Jour. Wash. 
Acad. Sci. 4:328, 1914. Schinus limonia L. Sp. Pl. 
1:389. 1753; Feronia elephantum Corr. Trans. 
Linn. Soc. 5:225. 1800; Limonia acidissima L. 
1762. Illus. Roxburgh, Pl. Corom. 2: pl. 141. 1798; 
Beddome, FI. Sylv. pl. 121. 1871; Wight, Icon. PI. 
Ind. Or. 1: pl. 15. 1840; idem, Gartenflora 33:87. 
1883, and 34: pl. 1206. 1885; Talbot, Forest FI. 
Bombay Presid. 1:204. 1909; Tillson & Bamford, 
Amer. Jour. Bot. 25:786, figs. 47-49. 1938; fig. 3-57 
this work. 

Type.—Ceylon (Hermann). Herb. Brit. Mus., 
London. 

Distribution.—India, Ceylon, Burma, Indo-China, 
Malay Peninsula, Indonesia. 

Common name.—Indian wood apple. 


This ies was described by Trimen (1893, p. 
229) as follows: “A small tree, branches numerous, wi 
smooth, whitish bark and with sharp, straight, ascending 
spines, 0.5-1.5 in. [1.2-3.8 cm] long; 1. pinnate, 34 in. 
[7.5-10 cm long], rachis and petiole flat, very narrowly 
winged, glabrous, Ifts. opposite, in 2 or 3 pairs and usually 
a terminal one, nearly sessile, 1-1.5 in. [2.5-3.8 cm long], 
oval or obovate, obtuse, entire, glabrous, basal ones the 
largest; fl. small, numerous, in small, paniculate, sessile 
cymes from the axils of fallen ]., ped. slender, pubescent; 
cal. very small; pet. ovate, acute, spreading, smooth; stam. 
7-12, fil. very show, anth. very large; disk finely woolly; 
ov. with numerous ovules in each cell, style very short, 
stigma fusiform; fruit large, 2-2.5 in. [5-6.3 cm diam.], 
globose, hard, pericarp woody, rough, whitish, 1-celled; 
seeds oblong, compressed.” He stated further: “Flowers 
Feb. Mar.; pale green, stained with red le, anthers 
dark red.” Brandis (1906, p. 119) stated: “Flowers dull 
red, generally unisexual, in a panicles, male and bisexual 
flowers frequently on the same inflorescence.” He also 
noted that the leaves are deciduous. (See fig. 3-57.) 
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In addition to the description given above, it 
should be noted that the calyx is deciduous, as Hooker 
(1875, vol. 1, p. 516) pointed out: “Calyx small, flat, 5- 
toothed, deciduous.” He also noted that the leaves smell 
of aniseed and are deciduous. According to Guillaumin 
(1911, pp. 685, 687), the anthers are “twice as long as the 
filaments.” 

Although apparently universally reported as gla- 
brous throughout except for the pedicels and peduncles, 
which are pubescent, and the base of the stamens, all the 
specimens that Swingle examined (from southeastern Asia, 
as well as greenhouse specimens from Washington, D.C.) 
show minute appressed yellowish-gray or saaily colorless 
hairs covering the petiole, rachis, and midribs of the very 
young leaves and also of the young twigs and spines. The 
very youngest new growth is covered almost as com- 
pletely with these hairs as the very young growth of Gly- 
cosmis. These hairs soon disappear except at the joints 
of the rachis and base of the petiole. The seeds are pilose, 
as noted by Corréa in his original description of the genus 
Feronia. 

The wood-apple tree (sometimes: called 
elephant apple), like the related bael-fruit tree 
(Aegle marmelos), also native in the hill regions 
of northern India, is deciduous; however, it is 
not reported as growing above 457 meters (1,500 
feet) in the western Himalaya, whereas the bael 
tree in the same region grows up to 1,219 meters 
(4,000 feet). The wood appre is common in Ceylon 
in dry regions but the bael tree is not native so 
far south. The wood-apple tree is often planted 
in dooryard gardens in southern Asia and Java. 

The ability to drop its leaves puts the 
wood apple in a special, small group of Citrus 
relatives. It will be well worth while to study 
the wood apple and the bael fruit as examples 
of subtropical Citrus relatives that have acquired 
the deciduous habit. 

As Feronia limonia can be used success- 
fully at least for a few years as a rootstock for 
Citrus, it should be compared with the trifoliate 
orange (Poncirus trifoliata), another deciduous 
Citrus relative that has been ‘used with great 
success as a rootstock for kumquats and for the 
satsuma orange. Citrus when grafted on the wood 
apple is sometimes forced promptly into bloom. 
Such a graft might be utilized in an attempt to 
force newly originated or newly introduced varie- 
ties into bloom so that they may be used promptly 
in making other desired hybrids. 
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The ripe fruits of the wood apple contain 
a sour-sweet, aromatic pulp in which the seeds 
are imbedded. This pulp is sometimes eaten 
mixed with palm sugar or sweetened and stirred 
into coconut milk. It is also used to make a 
jelly said to be more or less astringent. A chut- 
ney is made from the pulp that is much liked 
by the natives. (See De Silva, 1890, p. 722; and 
Watt, 1890, vol. 3, pp. 326-27.) a 


XXXII. Feroniella Swingle 


XXXIII. Feroniella Swingle, Bul. Soc. Bot. 
France 59:776. 1912. 

Type species.—Feroniella oblata Swing. 

Distribution —Laos, Cambodia, North Vietnam, 
South Vietnam, eastern Thailand, Java. 

Common name.—Feroniella. 

A small tree, twigs terete, with single axillary 
spines; leaves imparipinnate, with 3-6 or 7 strictly oppo- 
site pairs of leaflets, rachis segments and petiole cylindric, 
or more or less broadly winged; leaflets small (1.5-4 x 
0.8-1.5 cm), obovate or oblong, rounded or bluntly pointed 
at the tip; inflorescences axi oh panicles branched from 
the base, flowers perfect or male by abortion, 4-6-merous 
(commonly 5-merous), calyx small, with 4-6 acute lobes; 
petals 4-6, lanceolate or oblong-lanceolate, very acute at 
the tip; stamens 16-20, filaments slender, glabrous, each 
furnished at the base on the inner side with a pilose 
linear appendage, free above, about % or 1% the length of 
the filament, anthers oval, much shorter than the fila- 
ments; disk very short, ovary subglobose, narrowed abrupt- 
ly below and merging abruptly above with the slender 
style as long or longer than the ovary, locules at first 5 or 
6 but soon confluent to 1 more or less lobed ovarial cavity 
with very numerous ovules on etal placentae; fruits 
large, globose or oblate, spheroidal, with a thick, wood 
shell composed of radially arranged prisms; seeds se | 
flattened, testa membranaceous, glabrous; cotyledons 
epigeous in germination. 

Feroniella has leaves much like those of 
Feronia and also similar ovaries, with a single cav- 
ity formed by the early confluence of the original 
five or six locules. It differs from Feronia in having 
the stamens about four times as numerous as the 
petals (instead of twice as many), in having the an- 
thers much shorter than the filaments, in having 
glabrous instead of pilose seeds, and especially in 
having pilose, partly free, appendages at the base 
of the filaments. In this last character it differs from 
all the other genera of the orange subfamily. A key 
to the Feroniella species is presented below. 


KEY TO THE SPECIES OF FERONIELLA 
A Rachis segments and petiole more or less broadly winged (44-4 as wide as the length of the leaflets); leaflets 11- 
PO, Margins Slightly Serrilates soe) ae toes come eas arses eate tanh nae, ibis abata seers ose on taSasu ucts oAMiaas as ese 2) F. pubescens 
AA Rachis segments and petiole narrowly winged (4s—o0 as wide as the length of the leaflets), or wingless; leaflets 7- 
B 


13, margins entire or subcrenulate. ........0.0..cccccceseeeeeeees 


PO meer See ee TOS SOS Hee SSO ETOH HER Hew EEHEHM TM Meee SMHS OE eSE DR ASSSS SESS SEEM ESE HHSEOHHO TERED ES EDERO BESSA 


B Leaflets 7-9; sepals small (1-2 x 0.5 mm); fruit oblate (flattened-globose).............-.:.s:eccecesseeeeseeeeeeeees 1) F. oblata 
BB Leaflets 5-11; sepals large (2-4 x 1-1.5 mm); fruit globose. -0......... eee eee eseecececeeceeteeeeececeneeseeneoeers 3) F. lucida 
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All three species of Feroniella are closely 
related to one another but the genus is not closely 
related to any genus other than Feronia. 


1. Feroniella oblata Swing. Bul. Soc. Bot. 
France 59:779. 1912. Feroniella lucida Guill. (non 
Scheffer), in Lecomte, F]. Gén. Indo-Chine 1:684. 
1911. Illus. Guillaumin, loc. cit. fig. 72 (1-5); 
Swingle, loc. sit. pl. 18; idem, in Bailey, Stand. 
Cycl. Hort. 3:1219, figs. 1493, 1494. 1915. 

Type.—French Indo-China, Cambodia, Province 


of Samrong-Aong (L. Pierre, No. 652). Herb. Mus. Hist. 
Nat., Paris. 


Distribution——_Cambodia, Laos, South Vietnam, 
eastern Thailand. 

Common name.—Indo-China feroniella. 

This species is a medium-sized spiny tree, 8-20 
m high, native in the eastern part of the Indo-Chinese 
Peninsula; it is characterized mainly by the leaves with 
only 7-9 leaflets, which are oval-elliptic or obovate, 2-3 x 
1-2 cm, rounded at the apex or slightly emarginate, 
bluntly cuneate at the base, and the cylindric, pilose 
petioles, 1-2.5 mm long. The rachis segments are cylindric 
or narrowly winged. The flowers are grayish-white, 1.5- 
2.5 cm diam.; sepals very short, 1-2 x 0.5 mm, very 
pilose, soon falling; petals lanceolate, 1.2-1.8 cm long, 
with very acute cuneate tips; ovary with 5-6 imperfect 
locules soon fusing into a single cavity. The flattened- 
globose fruits, borne in clusters of 3 or 4, are 5.5-6.5 cm 
wide, 4.5 cm high, and have woody shells, 7-8 mm thick, 
composed of tapering prisms 1:5-3 mm diam. with the 
largest end out, and arranged like the stones of a curved 
arch. The center of the fruit is filled with red flesh said 
to be edible. 


This species, rather common in the forests 
of the plains and mountains of Indo-China, makes 
a medium-sized tree, up to 20 meters in height, 
with brilliant, deep green foliage. The fruits look 
like small green oranges. Swingle’s citation of 
Lecomte in the synonymy above and the illustra- 
tions cited for this species appear to be incorrect. 
Guillamin (1911, fig. 72) presents an obvious illus- 
tration of Feronia lucida instead of Feroniella 
oblata. Since Swingle’s original notes were not 
available for clarification, the synonymy is re- 
tained intact. Further study will be required to 
ascertain correct synonymy for Feroniella oblata. 

Plants of this species grown in the US. 
Department of Aarioultire’s greenhouses in the 
Washington, D.C. area were extremely spiny and 
had small leaves, only 6 to 12 cm long, with 
numerous small leaflets and distinctly but nar- 
rowly winged rachis. A young tree of this spe- 
cies was observed growing very vigorously in 
Colonel Robert H. Montgomery’s arboretum at 
Coconut Grove, Florida, in the peculiar sandy- 
loam and porous-limestone soil characteristic of 
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the extreme southeastern section of that state. 
The long, nearly straight side branches were ex- 
tremely spiny. Because of its spiny character, this 
species should be tested as a hedge plant. As it is 
clearly related to Feronia, a genus that forces 
premature blooming of Citrus grafted on it, 
Feroniella should also be tested as a stock for 
Citrus. 
2. Feroniella pubescens Tan. Bul. Mus. 
Hist. Nat. Paris, 2 sér. 2:161. 1930. 

Type.—Java (Zollinger, No. 493). Herb. Kew 


(Tanaka ident. No. Q-1197). Paratype: Burma (Wallich, 
No. 6365). Herb. Kew. 


Distribution (fide Tanaka).—Java, Burma, Thai- 
land, South Vietnam. 

Common name.—Velvety feroniella. 

Tanaka's original description reads as follows (in 
translation): “Feroniella pubescens Tanaka, n.sp. Limonia 
P pubescens, Wall. Cat. no. 6365 nom nud. Twigs spiny, 
spines small, solitary or paired; recurved. Leaves odd- 
pinnate, 5-7-paired, rachis pubescent, more or less widely 
winged, lea opposite, subsessile, slightly serrulate, 
lateral leaflets oblong, acute or subacute, terminal one 
ovate, acute or acuminate. Inflorescence axillary, icu- 
late, few-flowered. Calyx 5-lobed, lobes somewhat tri- 
angular, pubescent. Petals 5, oblong, acute, puberulous. 
Stamens numerous, much longer than the petals, filaments 
subulate, with a pilose appendage, anthers somewhat 
rounded. Style linear, puberulous, stigma capitate, 5- 
lobed. Immature fruits small, obovate, with 5 locules, 
cortex woody, of homogenous structure.” 

Tanaka made a specimen collected in Java 
by Zollinger (No. 493, in the Kew Herbarium) the 
type of this species, but he considered Wallich’s 
No. 6365, collected in Burma at Taong-dong in 
1826 and preserved in the Kew Herbarium, as 
a paratype. He provided ae e with a photo- 
graph of the paratype. Wallich’s specimen was 
studied by J. D. Hooker (1875, p. 507), who found 
only three to five pairs of leaflets (not five to 
seven, as Tanaka stated). The lateral leaflets are 
3.5 to 6 by 0.8 to 12 cm, with the margins sub- 
entire or slightly and irregularly serrulate above 
the middle but entire and cuneate below the 
middle; the rachis segments are 1.2 to 2.5 cm 
long, with rather broad wings, 2 to 4 mm wide. 
This specimen looks like a form of Hesperethusa 
crenulata with the leaflets less crenulate than 
usual. The fruit that Wallich associated with this 
number was suspected by Hooker (1875, vol. 1, 
p. 508) of being “probably that of another plant.” 
Tanaka described an immature, 5-locular, obovate 
fruit with a woody shell, of homogenous texture 
that does not fit well with Feroniella as now 
known. However, he described flowers that have 
many stamens with pilose appendages on the fila- 
ments, such as are known only in Feroniella. 
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Until better material can be studied, the 
true character of this species must remain in 


doubt. 

3. Feroniella lucida (Scheff.) Swing. Bul. 
Bot. Soc. France 59:781. 1912. Feronia lucida 
Scheff. 1870. Illus., Koorders & Valeton, Icon. 
Bogor. 2:190, pl. 149. 1904; fig. 3-58 this work. 

Type.—Java, Rembang Province (Teijsmann). 
pa Hort. Bot., Buitenzorg (now Kebun Raya, Bogor, 
Java). 

Distribution.—Central Java; in teak (Tectona 
grandis) forests. 

Common name.—Java feroniella. 

The fullest description yet made of this species is 
that of Koorders and Valeton (1896, pp. 251-53); it reads 
in translation as follows: “Twigs slender, gray, young tips 
pubescent. Leaves 2-5- (usually 3-4-) paired; rachis 
purctcesl, articulate at the nodes, internodes more or 
ess winged above, petioles very short, pubescent. Leaf- 
lets elliptic or obovate, obtuse at the apex, often cuneate 
at base, entire or subcrenulate, margins recurved, shining 
and glabrous above, below opaque pubescent all over or 
only at the veins, pellucid-punctate over the whole sur- 
face, but having a single series of larger glands near the 
margin. Panicles loose, made up of i imed cymes, 
often 2 or 3 rouped in the axils, pubescent, shorter than 
the leaves. Flowers large, hermaphrodite, or staminate b 
abortion of the stigma and ovules (the ovary seems all 
developed and eke for a time); flower-buds opening 
early with all [flower] parts continuing to grow. Calyx 
lobes linear, pubescent, deciduous; petals acuminate, 
margins reflexed at base, opening erect, then recurving, 
glabrous; stamens 16-25 in mature flowers, exserted; an- 
thers oblong, 4-cornered, cordate at the base, truncate- 
mucronulate at the apex; pollen [grain] round with 3-4 
pores, with granulose exine; ovary globose, glabrous; 
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Fig. 3-58. Feroniella lucida. Left, very spiny young twig. Center, flowering branch. Right, flower cluster. 
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style in perfect flowers elongate, terete, glabrous with an 
exerted persistent fusiform stigma; in the majority of the 
flowers (male?) the style is very short, the stigma de- 
formed or aborted. Fruits with a very thick woody “pr 
carp. Seeds immersed in glutinous pulp arising from the 
placenta and the endocarp; testa thin, woody, with a 
coriaceous tegment. 

“Small or medium-sized trees. Leaves 60-100 
mm long, internodes 10-20 mm; leaflets 22-30 mm ong, 
15-22 mm wide; petiolules 1-2 mm. Petals in fully deve 
oped flowers 12-14 mm; stamens 10-13 mm; disk villose, 
2-5 mm high; anthers 3 mm. Ovary with style 13 mm. 
Fruit 60-70 mm diam.; epicarp 10 mm thick.” 


This species is native in central Java, 
usually growing at less than 400 meters altitude. 
It is a medium-sized tree, 10 to 15 meters (30 to 
49 feet) tall, with a straight trunk 20 to 30 cm in 
diameter. It is common in stands of teak (Tectona 
grandis). It sometimes occurs in situations where 
the soil is periodically very dry, for example, at 
Kedoengdjati in the Semarang area. 

Koorders and Valeton (1896, pp. 251-53) 
first discovered that in this species, as in Feronia 
limonia, a large part of the flowers are male 
through partial abortion of the ovary. Feroniella 
lucida is called kawista krikil by the Javanese, 
who eat the fruit as they do that of the cultivated 
Indian wood apple, Feronia limonia, which is 
called kawista by them. 

The young trees of this species (see ie 
3-58), like those of the Indo-Chinese Feronie 
vblata, have slender, straight branches armed 
with numerous long, slender, sharp thorns fre- 
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quently arising in pairs. It should be tested as 
a hedge plant and as a stock for dwarfing Citrus. 
Experiments made by the U.S. Department of 
Agriculture in greenhouses in the Washington, 
D.C. area have shown that Citrus, although it 
grows very slowly on this rootstock, may be 
forced into early blooming by this stock, as it 
is by the related Indian wood apple, Feronia 
limonia. Feroniella lucida should, like F. oblata, 
grow well in extreme southeastern Florida. 


RETROSPECT AND PROSPECT 


In concluding this discussion of the tax- 
onomy of the orange subfamily, it may not be 
amiss to emphasize the practical as well as the 
scientific importance of the wild relatives of our 
cultivated citrus trees. Probably no other impor- 
tant cultivated crop plants can boast such a sig- 
nificant and varied group of wild relatives. The 
plants allied to Citrus show all degrees of affinity 
with our cultivated oranges, lemons, and grape- 
fruits. Some of them are to be found in the genus 
Citrus; others are in genera closely related to it; 
still others belong to distantly related tribes, 
which may show little superficial resemblance to 
Citrus. 

The Citrus wild relatives exhibit a wide 
range of adaptability to climatic and soil con- 
ditions. Mention of but a few of the more out- 
standing examples should suffice to substantiate 
this statement. Eremocitrus, of semiarid habitat, 
has the ability to grow with little or no organic 
nitrogen in the soil; it also withstands relatively 
high concentrations of salts in the soil moisture. 
Severinia endures percentages of boron in the 
soil solution strong enough to kill Citrus; even 
more striking is the fact that under such condi- 
tions Severinia roots absorb and transmit so little 
boron that they have supported experimentally 
healthy grafts of even the highly sensitive lemon. 
Other wild relatives of Citrus have acquired, 
through long ages of natural selection, high re- 
sistance to the attacks of certain insect pests or 
fungous diseases. A species of Citropsis, native 
to Republic of the Congo, is immune not only to 
the attacks of a beetle whose larvae burrow in the 
collar of Citrus trees, but also to the foot rot 
fungus that is made more destructive to Citrus 
by the injuries caused by the beetle. This Citrop- 
sis (C. gilletiana) has been found to make a good 
rootstock in Republic of the Congo for several 
cultivated species of Citrus, which grow and fruit 
well when grafted on it; however, it cannot be 
grown on any Citrus rootstock in that country. 
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The promising beginning that has been 
made in using these wild relatives, and also hy- 
brids derived from them, as rootstocks for our 
cultivated varieties of Citrus opens up possibili- 
ties in citrus culture well worth the attention of 
citrus experts. To study and test to the best ad- 
vantage these wild relatives of Citrus, it is essen- 
tial to have a thorough knowledge of their taxo- 
nomic relationships as well as of their physiologi- 
cal peculiarities and special adaptations to the 
climatic and soil conditions of their native habi- 
tat. In addition to the species of wild relatives 
and their hybrids that are useful as rootstocks, 
there are others closely enough related to the 
species of Citrus to hybridize with them and 
yield promising new types. 

The hybridization of the wild species of 
True Citrus Fruit Trees with the cultivated forms 
has also opened a new field of research on the 
origin of some of the more puzzling cultivated 
varieties. The Yuzu, a hardy variety widely grown 
in Japan and sparingly in northern China as a 
substitute for the lemon, has been considered 
by some to be a good natural species of Citrus. 
However, it is now found to be a hybrid of a 
recently discovered Chinese species of Citrus 
(C. ichangensis) probably with a sour mandarin 
(C. reticulata var. austera). A hybrid of similar 
parentage made in the United States is astonish- 
ingly like the Yuzu. 

The study of Citrus and its wild relatives 
has already yielded appreciable results and it 
is gratifying to know that botanical exploration 
is very likely to bring to light additional new 
species or even new genera of Citrus relatives. 
The most recent general treatise describing all 
the genera and species in the orange subfamily 
except Citrus was published in 1861 by Daniel 
Oliver, who recognized twelve genera and 
species, some of them doubtful. As late as 1896, 
Adolph Engler recognized and described only 
fourteen genera and estimated the number of 
species at seventy-one. In contrast to this slow 
increase in the number of genera and species 
recognized during the second half of the nine- 
teenth century, a very rapid increase has occurred 
since 1900. The present synopsis recognizes no 
fewer than thirty-three genera and 203 species, 
of which seventeen genera and eighty species 
have been described since 1900, most of them 
since 1910. In addition to these eighty new s 
cies, some fifty species named before 1900 but 
not well understood have been studied anew 
and are now accepted as valid. In other words, 
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seventy-five years ago nearly two-thirds of the 
species recognized today were either completely 
unknown or not known adequately. 

Vast areas of the Monsoon region, includ- 
ing the most densely populated part of the dis- 
tribution area of the orange subfamily, are still 
inadequately known. When these regions and 
certain sections of tropical Africa are adequately 
explored by competent botanical collectors we 
may expect new species and even some new 
genera of the orange subfamily to be brought 
to light. 

Doubtless many physiological peculiarities, 
as yet undiscovered, are possessed by certain of 
the wild relatives of Citrus, peculiarities that have 
arisen during the several tens of million of years 
in which these plants have been evolving inde- 
pendently and becoatiiie more and more fully 
adapted to the special environmental conditions 
prevailing in the areas inhabited by the respective 
species. These areas extend from the near-desert 
of east-central Australia through the tropical jun- 
gles of the Monsoon region to the semiarid foot- 
hills of Northwest India and West Pakistan; 
reappearing again in Africa, they extend from 
the mountains and plateaus of East Africa to 
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the dense jungles of the lower Congo and the 
lands bordering the Gulf of Guinea in West 
Africa. 

In the face of such abundant material, cit- 
rus experts can undoubtedly solve certain impor- 
tant technical problems with greater ease if the 
varied behavior of the numerous near and distant 
Citrus relatives is seen in proper perspective. 

Looking ahead, it is reasonable to expect 
that citrus breeders will use wild relatives of Cit- 
rus, not only as parents for new types of disease- 
resistant or otherwise superior citrus fruits and 
for breeding new hybrid’ rootstocks adapted to 
special soil conditions or resistant to root diseases, 
but also as research material to aid in the solu- 
tion of many difficult questions in the phylogeny 
of our cultivated species of Citrus. Through ex- 
perimentation and research, taxonomists, floral 
anatomists, cyto-taxonomists, and chemo-taxono- 
mists will develop better explanations concerning 
the nature and relationship of citrus taxa. The 
taxonomic system will be revised and improved. 
The truth will be approached but it will never 
quite be attained because man’s knowledge con- 
cerning living organisms forever remains incom- 
plete. 
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foliolate leaves), Afraegle (with normally trifolio- 
late leaves, reduced to unifoliolate or to simple 
leaves on the older branches of A. gabonensis), 
and Aeglopsis (with unifoliolate leaves) are obvi- 
ously all closely related but differ in important 
taxonomic characters, such as the number of 
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Fig. 3-51. Swinglea glutinosa. Top, leafy twig. Lower, 
fruit collected near Lamao, Philippine Islands, by H. H. 
Boyle. 
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locules in the ovary and the number of stamens. 
Aegle has 8 to 20 locules in the ovary, Afraegle 
6 to 8, Balsamocitrus 8, and Aeglopsis 6 to 8 
(sometimes 5). Aegle has woolly seeds, whereas 
the other three genera all have glabrous seeds. 
The development of the disk also varies greatly 
in the four genera: Aegle and Balsamocitrus have 
a cylindric disk below the ovary and of about the 
same diameter, whereas Afraegle and Aeglopsis 
have a greatly enlarged and lobed disk that partly 
encloses the base of the ovary. 

The third set of related genera, group C 
(the Wood-Apple Group), comprises two genera, 
Feronia and Feroniella, which occur in India, 
Burma, Indo-China, and Java. Feronia limonia 
is often cultivated for its fruit. This group differs 
in very important taxonomic characters from the 
other two groups, and is undoubtedly one of 
great antiquity that now represents a side line 
of development in the subtribe Balsamocitrinae. 

Feronia and Feroniella, spiny trees with 
pinnate leaves and small leaflets, have ovaries in 
which the locules (four to six) coalesce at an earl 
stage of development into a single cavity with 
numerous ovules borne on the walls (parietal ae 
centae), a character unique in the whole plant 
family Rutaceae. 

The evolution of the subtribes Balsamo- 
citrinae and Citrinae has doubtless proceeded 
along parallel lines from a common ancestral 
form, both subtribes having attained nearly the 
same degree of specialization. It is not possible, 
however, to exhibit in a linear arrangement of 
the tribes, subtribes, and groups of the Rutaceae 
the true status of the evolutionary development 
of the different categories. It would require a 
map, diagram, or model in order to show the 
parallel development of the subtribes Balsamo- 
citrinae and Citrinae. Here in the printed text 
where the subtribes are arranged in the linear 
order of the pages and lines of the printed book, 
the Balsamocitrinae fall at the end of the series, 
although in reality the Citrinae are more highly 
developed with their extraordinary pulp-vesicles 
that fill all the space not occupied by the seeds 
in the locules of the fruit. However, to intercalate 
the subtribe Balsamocitrinae between the sub- 
tribes Triphasiinae and Citrinae would obscure 
the close relationship clearly exhibited by some 
of the genera of the subtribe Triphasiinae with 
some of the more primitive genera of the sub- 
tribe Citrinae. Keys to the groups and the genera 
of the subtribe Balsamocitrinae are presented 
below. 
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KEY TO THE GROUPS IN THE SUBTRIBE BALSAMOCITRINAE 
A Fruits ovoid with a eae rind, often longitudinally ribbed; locules narrow, locule walls very thick and containing 


numerous large mucilage g 


AA Fruits globose, oblate-spherical or sn Mala rind very hard, usua 


ge glands; seeds not hairy (except in Aegle),. .................:sc:scscssceeeeeeceeeeeeeees B 


walls not containing evident large muc 


nds, 5-10 x 2-3.5 mm; seeds densely hairy. 


cae A, Tabog Group (1 genus, 1 species) (p. 403) 
y woody, never longitudinally ribbed; locule 


B Leaves 3-foliolate, 1-foliolate, or simple; ovary with 6-20 locules (rarely 5), each with numerous ovules in 2 


PATO S 306i C8 10 saa a ese rea eee seteaiees cate 
BB Leaves pinnate, 5-15 foliolate; ovary with 4-6 imperfect locu 


ast ae B, Bael-Fruit Group (4 genera, 8 species) ( p. 406) 
e 


s coalescing into a single cavity with 4-6 parietal 


placentae carrying very numerous ovules not arranged in 2 ranks. 


Group C, Wood-Apple Group (2 genera, 4 species) ( p. 415) 


KEY TO THE GENERA OF THE SUBTRIBE BALSAMOCITRINAE 
A Fruits ovoid; rind leathery, often longitudinally ribbed; locules of fruit narrow, but locule walls very thick and con- 


taining large mucilage glands; seeds woolly (group A, Tabo 
AA Fruits not ovoid; rind hard and woody, not longitudinally ri 


eee sid peta teaeteceaades (1) Swinglea XXVII (p. 403) 
bed; locule walls not evidently containing large muci- 


De N RAS css isc IG No a eas atte swe ec aa eg pects Wee tySact cu aden cheSOs a tuatehhe Dekel sad ncdtieses ote veaa ees B 
B Locules 6-20 (rarely 5), each with numerous ovules in 2 ranks; seeds glabrous or woolly (group B, Bael-Fruit 
C 


MGT) ose ca scas fs hatecasetarst aap ecaesesuaeastetg Sar etedehans las 
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C Stamens very numerous (more than 4 times as many as the petals); ovary with 8-20 locules; seeds woolly. 


(2) Aegle XXVIII (p. 406) 


CC Seeds glabrous; disk large; stamens 2, 3, or 4 times as numerous as the petals.......................::ssssssssseceeesenseees D 
D Leaves 3-foliolate on young plants; stamens 3 or 4 times as numerous as the petals. 


(3) Afraegle XXIX (p. 409) 


DD Leaves always simple; stamens 2-3 times as numerous as the petals. ............ (4) Aeglopsis XXX (p. 412) 
DDD Leaves 3-foliolate; disk small; stamens twice as many as the petals; fruits large. 


(5) Balsamocitrus XXXI (p. 414) 


BB Leaves pinnate, with 5-15 leaflets; ovary at first with 4-6 locules which soon coalesce to form a single cavity 
lined with parietal placentae bearing very numerous ovules not arranged in ranks (group C, Wood-Apple 
E 


GlOUD) ccs ones ceipan ce Sarasa eset et cateee eee 


COO EOD RS TOSEHSETERES TOSSES S HOSES SES SSMESSSOS SS SEE ESS SEBRESSTESSeaessresEsSesecerezssesessesresesseusse 


E Stamens 10-12, about twice as numerous as the petals; anthers twice as long as the filaments, which are 


without gare seeds pilose...................00+ 


po aan Mea cistet et os Satu (6) Feronia XXXII (p. 415) 


EE Stamens 16-20, about 4 times as numerous as the petals; anthers much shorter than the filaments, which 


bear appendages at the bases; seeds glabrous... 


GROUP A. THE TABOG GROUP 


This group contains only one genus, Swing- 
lea, the tabog of Luzon, the northernmost island 
of the Philippine Archipelago. It stands alone in 
having an oval, longitudinally-ribbed fruit with 
a tough, leathery shell, not a hard, woody shell 
as in all the other genera of the subtribe. Then, 
too, the locule walls are lined with large mucilage 
glands that probably discharge into the seed 
cavity the mucilaginous material in which the 
seeds are imbedded. No such mucilage glands 
have yet been found in other genera of the Bal- 
samocitrinae, but they may occur in less striking 
form in the thick locule walls of Aegle and pos- 
sibly other genera of this subtribe. The seeds of 
Swinglea glutinosa are densely woolly, much like 
those of the Indian bael fruit, Aegle marmelos. 


ie eet een tee (7) Feroniella XXXII (p. 417) 


The two genera, however, differ greatly in other 
important taxonomic characters.” 

All species of Citrus so far tested graft 
readily on young rapidly growing seedlings of 
tabog (Swinglea) used as a rootstock and reach 
large size if planted in soil that stays warm the 
year round, as for instance in greenhouses. Citrus 
does not make a vigorous growth when grafted 
on any other genus belonging to the subtribe 
Balsamocitrinae. This would seem to indicate 
that Swinglea is more closely related to Citrus 
than are the other members of the subtribe. 


XXVI!. Swinglea Merrill 
XXVII. Swinglea Merrill, Jour. Arnold Ar- 
bor. 8:131. 1927. Chaetospermum (Roem.) Swing. 
Jour. Wash. Acad. Sci. 3:101. 1913, non Saccardo, 
Syl. Fungor. 10:706. 1892; Limonia subg. Chaeto- 


2® Merrillia, which bears a large fruit with a tough, leathery shell somewhat analogous to that of Swinglea and 


with seeds covered with flattened hairs (paleae) somewhat resembling the seeds of Swinglea, would seem, at first sight, 
to belong to this group, but in its habit of growth and in its leaves (with alternate leaflets) and wood it shows close simi- 
larity to Murraya paniculata. Swingle followed Engler (1931, p. 211), a lifelong student of the Rutaceae, in removing 
Merrillia from the subtribe Balsamocitrinae, to which he at first assigned it, and placing it in the tribe Clauseneae next 
to Murraya. 

There are also certain similarities to be seen between Swinglea and Burkillanthus (see p. 294), but the fruit 
structure of the latter is clearly very different. 
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spermum Roem. Syn. Hesper. 1:39. 1846. Illus. 
Tillson & Bamford, Amer. Jour. Bot. 25:7886, fig. 
46. 1938; fig. 3-51 this work. 

Type species.—Limonia glutinosa Blanco = 
Swinglea glutinosa (BI.) Merr. 

Distribution.—Philippines: Luzon Island. 

Common name.—Philippine tabog or swinglea. 

In 1913, Swingle published a description of this 
genus under the name Chaetospermum as follows: “A 
Sere related to Belou [= Aegle], from which it differs in 

aving persistent leaves with small rounded sessile lateral 
leaflets, fewer stamens (twice as many as the petals), fewer 
ovarial locules (8 to 10), an oblong ribbed fruit with a 
thick leathery rind and cells [locules] lined with a spongy 
tissue containing many large cavities or vacuoles. 

“Leaves persistent, trifoliate, lateral leaflets small, 
sessile, usually less than one-third as long as the median, 
more or less blunt at the base or even rounded. Terminal 
leaflet gradually narrowed at the base. Petioles oar herd 
winged with a joint at the point of attachment of the leaf- 
lets. Spines slender, straight, sharp, in pairs at the axils or 
else one of the spines is replaced by a branch. Inflores- 
cences axillary, composed of from one to several flowers 
on rather long, slender pedicels. Flowers perfect, 5- 
merous; calyx 5-lobed, petals 5, stamens 10, free. Pistil 
with a well developed style and a thick rounded stigma. 
Ovary with 8 to 10 cells [locules], each containing nu- 
merous ovules. Fruit oblong, longitudinally ribbed, with 
a very thick leathery rind, and with cells [locules] (filled 
with gum ?P) surrounded with watery tissue containing 
large cavities or vacuoles. Seeds numerous in the long 
narrow cells, flattened ovate, hairy. Germination—cotyle- 
dons aerial, not increasing in size; first foliage leaves op- 
posite, broadly ovate, subseriate, sessile, abruptly nar- 
rowed at base.” (Fig. 3-51.) 

This genus differs rather widely from the 
other genera of the Hard-Shelled Citroid Fruit 
Trees (subtribe Balsamocitrinae) in having ellip- 
soid, or ovoid, ribbed fruits with a leathery outer 
shell showing very long, pointed, radially ar- 
ranged oil glands in the peel and thick tissue 
containing mucilage glands lining the radial walls 
of the segments surrounding the seeds. Its paleate 
seeds resemble somewhat the woolly seeds of 
Aegle, and its trifoliolate leaves have a general 
similarity to those of Aegle, Balsamocitrus, and 
Afraegle, but its fruits differ widely in structure 
from those of other members of the subtribe. 

Swinglea makes a good rootstock for Citrus 
if planted in soil that is always warm; it is a 
much better rootstock for Citrus than any other 
Hard-Shelled Citroid Fruit Tree that has been 
tested so far. Another indication of the rather 
close relationship of Swinglea to Citrus and the 
five other closely related genera constituting the 
True Citrus Fruit Trees is that it is the only 
genus outside of this group that is attacked in 
the wild state by citrus canker, a disease caused 
by the bacterial parasite Pseudomonas citri. Lee 
(1918, p. 664) stated concerning Swinglea gluti- 
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nosa, which grows naturally and is also cultivated 
at the Lamao Experiment Station near Manila, 
P.I., not far from a large collection of Citrus spe- 
cies and cultivated varieties: “The susceptibility 
of C. [haetospermum = Swinglea] glutinosa to 
canker is easily greater than that of the sweet 
orange (Citrus sinensis) in the Philippines.” It 
should be remarked that no natural infections 
were observed on any of the many other Citrus 
relatives under observation with respect to their 
susceptibility to citrus canker, although some of 
them showed slight susceptibility when inocu- 
lated by the needle-prick method (see Lee, 1918; 
Peltier and Frederich, 1920). 


It must be remembered that the true taxo- 
nomic position of Swinglea is still somewhat in 
doubt and that it may prove to be rather closely 
related to the Primitive Citrus Fruit Trees, of 
which Hesperethusa and one species of Pleio- 
spermium also show a certain degree of relation- 
ship to Citrus by being attacked, in the wild 
state, by a fungus belonging to the genus Elsinoé, 
closely related to E. fawcettii Jenkins that causes 
scab or verrucosis on several species of Citrus. 


Burkillanthus, another of the Primitive 
Citrus Fruit Trees, of the subtribe Citrinae, shows 
striking similarities to Swinglea in its large fruits 
with stiff leathery rinds, its frequently trifoliolate 
leaves, and in the size, shape, and structure of 
its flower parts; but it differs widely from Swing- 
lea in the anatomy of its fruits and in its seeds. 
It would be very desirable to make comparative 
studies of the development of the fruits of Bur- 
killanthus and Swinglea and to make grafting 
tests in order to determine the degree of re- 
lationship of these two curious and little-known 
genera. 

Swinglea glutinosa (Blanco) Merr. Jour. 
Arnold Arbor. 8:131. 1927. Limonia glutinosa 
Blanco, Fl. Filip. 358. 1837; Feronia ternata Blan- 
co, Fl. Filip. 2:252. 1845; Aegle decandra Naves 
apud F.-Villar, Nov. App. in Blanco, Fl. Filip. 
38. 1880; A. glutinosa (Bl.) Merr. Phil. Gov. (ab, 
Bur. Bul. 6:12. 1904; Limonia engleriana Perk. 
1905; Belou glutinosa (BI.) Skeels, U.S. Dept. 
Agr. Bur. Pl. Ind. Bul. 162:26. 1909; Chaetosper- 
mum glutinosum Swing. Jour. Wash. Acad. Sci. 
3:102. 1913. Illus. Naves, in Blanco, FI. Filip. 2: 
pl. 124. 1880; Vidal & Soler, Sinop. Fam. Gen. PI. 
Lenosas Filip. Atl. pl. 25, fig. J (1-5). 1883; 
Swingle, Bul. Soc. Bot. France 58 (mém. 8d): pl. 
5. 1919; fig. 3-51 this work. 


Type.—Wanting. Substitute type: (Merrill, 
Plantae Blancoanae, No. 607). Herb. Bur. Sci., Manila. 
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Distribution.—Philippines: Luzon Island. 


Common name.—Tabog or swinglea. Native 
name: Tabog or boyag (in Tagalog language, Philippines). 


Blanco’s original description of this plant follows 
(translated from Spanish): “Trunk with large solitary 
spines. Leaves alternate, ternate. Leaflets lanceolate, emar- 
ginate, shining, the central one largest. Calyx with 5 teeth. 
Corolla with 5 thick linear petals, much longer than the 
calyx. Stamens 10. Ovary cylindrical. Style and stigma 
thick. Fruit oblong (3 in. [7.6 cm] long and more than 
2 in. [5 cm] thick) with protuberances and confused fur- 
rows on the surface, with about 10 locules and some seeds 
in each, obovate compressed, ending in a tuft of wool. 
Tree 8-10 yards high, [trunk] not very thick. It is used 
for pillars in houses. The fruit is aromatic and the juice 
sour. It is like a lemon and is used for ‘cola.’ I saw it on 
Mt. Arayat. Flowers in Dec. [Spanish name] Mala cabu- 
yao, Phil. name Tabog.” 


This original description may be supplemented 
from herbarium material from Luzon Island, P.I., and from 
living plants in the greenhouses of the U.S. Department of 
Agriculture as follows: Small or medium-sized tree; twigs 
angled when young and finely pubescent, soon becoming 
terete and losing pubescence; spines finely pubescent, 1 
or 2 in the axils of the leaves, especially on young vigorous 
shoots (flowering twigs frequently spineless); leaves 3- 
foliolate, terminal leaflets 8-12 x 3-5 cm, oblanceolate, 
bluntly pointed or sometimes rounded at the apex, gradu- 
ally narrowed into an acuminate, finely pubescent base 
which is not, however, differentiated into a petiolule, 
although winged for %1 cm and articulated by means of 
a pulvinus-like base, lateral leaflets oval or obovate, 2.5- 
5 xX 1.2-2.5 cm, %-% the length of the terminal one 
(never more than half as long as the terminal one), 
bluntly cuneate and pubescent at base with a very short 
pulvinoid petiolule, 1-1.5 mm long, not articulated with 
the blade, ut distinctly articulated with the petiole which 
is extraordinarily variable in length (0.5-5 cm), flattened 
above, finely pubescent, very narrowly winged; flowers 
solitary or in clusters in the axils of the leaves, or some- 
times terminal on short twigs leafy at the base; buds long, 
elliptical, 6-7 x 3-3.5 mm; calyx 2.5-3.5 x 1.5-2 mm, 
cup-shaped, with 5 blunt lobes; corolla white, petals 5, 
12-14 x 3-3.5 mm (in dried specimens); stamens 10, fila- 
ments filiform, glabrous, anthers linear, 35-4 x 1 mm; 
pistil 7.5-9 mm long, ovary short-stalked, obovate, pilose 
with stiff, yellowish-gray, bristling hairs, style slender, 
0.6-0.7 mm diam., sparingly hairy (hairs like those on the 
ovary), twice as long as the ovary, longitudinally furrowed 
(showing 8-10 furrows), stigma 1.3-1.6 mm diam., flat- 
tened like a mushroom, apparently faintly 10-furrowed; 

oung fruit showing the persistent style; mature fruit ob- 
one econ: 5-10 x 3-6 cm, locules 8-10; segment wall 
thickened, containing numerous large, elliptical mucilage 
at seeds woolly, several in each locule, surrounded 

y glutinous pulp; 1 leathery with long, pointed, 
radially arranged oil glands. 


The fruit of Swinglea shows remarkable 
structures, here called tentatively mucilage 
glands, that seem to arise lysigenously, just as 
do the oil glands of the peel, leaves, et cetera. 
These ellipsoid lysigenous mucilage glands arise 
rather close together in the thick locule walls, 
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both dorsal and radial. Those on the outer por- 
tions of the radial walls slant obliquely away 
from the middle of the locule walls to the mem- 
brane that lines the narrow seed cavity at an 
angle of about 45° to the radial walls. Conse- 
quently the mucilage glands in the radial walls 
of adjoining locules are disposed at right angles 
to one another in a sort of herringbone pattern; 
at any rate and are thus disposed in young fruits 
when all the are in the locule walls are nearly 
equal in size before the growing seeds have more 
or less displaced and distorted the glands near- 
est the axis of the fruit. 

It is not impossible that similar, less evi- 
dent, structures will be found in the thick radial 
locule walls of Aegle. The thin (2 mm) radial 
locule walls of Aeglopsis show numerous but 
very different glands that secrete mucilage, as 
described by Chevalier in Swingle (1912b, p. 241, 
pl. 3, fig. 3). At any rate the mucilage glands of 
Swinglea are of such large size (5 to 10 by 2 to 
3.5 mm) that they cannot be overlooked (see 
fig. 3-51). 

The floral anatomy of Swinglea was found 
by Tillson (1938, pp. 22, 30, fig. 46; also Tillson 
and Bamford, 1938, pp. 789, 790) to be markedly 
different from that of the other genera of the 
Hard-Shelled Citroid Fruit Trees of the subtribe 
Balsamocitrinae in that the lateral sepal bundles 
are fused as they leave the axis with the petal 
midrib bundles. This remarkable condition has 
also been found in the five genera of the Primi- 
tive Citrus Fruit Trees, in a species of Citrus 
belonging to the subgenus Citrus, and in Para- 
mignya and Luvunga, all belonging to the tribe 
Citreae. 

The tabog, as this species is called in the 
Philippines, is a small thorny tree widely dis- 
tributed in Luzon Island. It was found impos- 
sible to top-graft Citrus scions on tabog trees 
growing out of doors at Manila, P.I., but in the 
Washington, D.C., greenhouses of the U.S. De- 
partment of Agriculture vigorous young seedling 
tabog plants took Citrus buds very well, and 
these buds continued to grow vigorously and to 
flower and fruit freely for many years. 

From the extraordinary energy of root 
growth of the tabog observed in greenhouse sec- 
tions kept at very high temperatures (up to 32.2° 
C, or 90° F), it seems probable that the tabog 
requires higher soil temperature during the win- 
ter than is found in the citrus-growing regions of 
the mainland of the United States except in ex- 
treme southeastern Florida, where the tabog has 
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made a very good growth in the sandy-loam and 
porous-limestone soil characteristic of the Miami 
region and has withstood temperatures as low as 
35° F without loss of its leaves. In the Panama 
Canal Zone in the Experiment Gardens at Sum- 
mit, the tabog was reported by J. E. Higgins to 
make a strong tree that fruited freely and yielded 
abundant viable seeds. Since World War I, the 
tabog has been introduced to many countries in 
tropical Central and South America, where it 

rows vigorously at altitudes of 1,500 meters 
or less (fig. 3-52). 

This species should certainly be given 
serious consideration as a rootstock for Citrus 
to be grown in greenhouses where the tempera- 
ture is warm all winter, and it should also be 
tested in tropical regions having high soil tem- 
peratures throughout the year. 


GROUP B. THE BAEL-FRUIT GROUP 

The genera of this group (Aegle, Afraegle, 
Aeglopsis, and Balsamocitrus) represent the typi- 
cal Hard-Shelled Citroid Fruit Trees and are 
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Fig. 3-52. Swinglea glutinosa. Large tree growing in 
the Magdalena River Valley near Amero, Colombia. 
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obviously closely related to one another in spite 
of their discontinuous distribution, Aegle being 
limited to southeastern Asia and neighboring 
East Indian islands and the other three genera 
to tropical and warm subtropical Africa. All four 
genera have rather large fruits varying from the 
size of a small orange (Aeglopsis) to the size of 
a small pummelo (Aegle and Balsamocitrus). All 
the genera of group B have fruits with a dense, 
hard, woody rind without longitudinal ridges like 
those found in the leathery rind of the tabog 
(Swinglea) of group A, and also without any sign 
of radially arranged shoe-peg-like elements, such 
as constitute the woody rind of Feroniella. 

Although all four of the genera that con- 
stitute the Bael-Fruit Group have fruits resem- 
bling those of Citrus in size, in the number of 
follicles, and in the number and arrangement 
of the seeds, none show any sign of the highly 
developed pulp-vesicles that characterize Citrus 
and the other genera of the True Citrus Fruit 
Trees. None of the Bael-Fruit Group will hybrid- 
ize with Citrus. However, they have been suc- 
cessfully grafted on Citrus species under green- 
house conditions at the Citrus Research Center 
in Riverside, California. 


XXVIII. Aegle Corréa 


XXVIII. Aegle Corréa, Trans. Linn. Soc. 
5:222. 1800. Belou Adans. Fam. 2:408. 1763. 


Type species.—Crataeva marmelos L. = Aegle 
marmelos (L.) Corréa. 


Distribution —India: wild in large colonies in 
northern India up to 1,219 m, also in central and southern 
India and Burma; widely cultivated in southeastern Asia 
and in the East Indian Archipelago. 


Common name.—Indian bael fruit. 


A thorny tree with deciduous, dimorphic 3-folio- 
late leaves; leaflets crenate, articulated with the petiole, 
an a noe soft texture, with oe arene Bes 
nds; inflorescences axillary 4 se ran : 
shied than the petals; flowers large; calyx ea. 
small, saucer-shaped, with 4-5 short, blunt lobes; petals 
4-5, large, imbricate, long-ovate, with bluntly rounded 
apices; stamens very numerous, with subulate filaments 
and long, linear anthers; disk small, annular; ovary cylin- 
dric, with 8-20 locules, each containing numerous ovules 
in 2 rows; ovary tapering slightly toward the top and 
somewhat narrowed into the style, which is about ae \% 
as long as the ovary; stigma with longitudinal furrows, 
cylindrical or bluntly conical, slightly wider than the 
style; fruits globose or subglobose with a very hard, 
woody shell, segments 8-16 or more (Talbot, 1909, p. 205, 
eer “8-20”), narrow, filled with 6-10 or more seeds 
imbedded in transparent glutinous gum, lateral walls of 
the segments thickened and fleshy; seeds oblong, slightly 
flattened, woolly, monoembryonic; cotyledons hypogeous 
in germination. 
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The genus Aegle is one of the three mono- 
typic genera of the orange subfamily (Poncirus 
and Feronia are the other two) with deciduous 
leaves. Two other genera of the subfamily, Clau- 
sena and Murraya, have deciduous-leaved spe- 
cies: Clausena has three species (C. pentaphylla, 
C. dentata var. dulcis, and C. suffruticosa) and 
Murraya has one species (M. alternans). 

Aegle is obviously related to the genera 
Balsamocitrus, Afraegle, and Aeglopsis of tropi- 
cal Africa but differs from all of them in having 
very numerous (30 to 40 or more) stamens (6 to 8 
times as many as the petals) and very numerous 
(8 to 16 or more) locules in the ovary, and also 
in having woolly seeds. It is a highly specialized 
ea having a certain degree of resistance to 
cold. 

Aegle marmelos (L.) Corr. Trans. Linn. 
Soc. 5:223, 1800. Crataeva marmelos L. Sp. PI. 
444, 1753; Belou marmelos (L.) Lyons, Plant 
Names 69. 1907. Illus. Roxburgh, Pl. Corom. 2: 
pl. 143. 1798; Wight, Icon. Pl. Ind. Or. 1: pl. 16. 
1840; Bentley & Trimen, Med. Pl. 1:55. 1880; 
Wilkins, Hindu Myth. 390. 1882; Bonavia, Cult. 
Orang. Lem. Ind. Cey. Atl. pls. 242, 243. 1890; 
Beddome, Fl. Sylv. 1: pl. 121. 1869; Turner, 
Agric. Gaz. N. S. Wales 4: pl. 14. 1893; fig. 3-53 
this work. 


supe Kaye [cult.] (Hermann). Herb. Brit. 
Mus., London. 

Distribution —India, Burma, Thailand (?), Indo- 
China (?); bine: Mba oh nas in southeastern Asia and the 
East Indian Archipelago; native in northern India, often 
growing in large groups, up to 1,219 m altitude (4,000 ft); 
also native in central and southern India and Burma. 

Common name.—Indian bael fruit. 

Bentley and Trimen (l.c.) gave the following de- 
scription of this species: “A tree reaching a height of 30 
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or 40 feet when cultivated, with a short thick trunk and 
narrow oval head; in the wild state smaller and more 
irregular, with short, strong, sharp, spiny branches 1 inch 
or more in length in the axils of the leaves; bark bluish- 
grey, soft, with irregular furrows on the younger branches. 
Leaves alternate, compound, with one (rarely 2) pairs of 
shortly stalked opposite leaflets, and a larger long-peti- 
oled terminal one, leaflets 1-2 inches long, ovate or oval- 
ovate, abrupt or tapering at the base, somewhat attenu- 
ated towards the blunt apex, very shallowly serratocrenate, 
smooth, thin, midrib prominent beneath. Flowers % inch 
wide, sweet-scented, stalked, solitary, or in few-flowered, 
lax, erect, axillary or terminal cymes. Calyx shallow, with 
5 short, broad teeth, pubescent outside. Petals 5 (rarely 4), 
oblong-oval, blunt, thick, pale greenish-white, dotted with 
glands, imbricate, spreading. Stamens numerous, some- 
times coherent in bundles, hypogynous with short fila- 
ments half as long as the linear anthers. Disk none or ey 
small. Ovary oblong-ovoid, slightly tapering into the thic 
short style which is again somewhat thickened upward, 
stigma capitate, axis of ovary wide, cells numerous, 8-20, 
small, arranged in a circle, with numerous ovules in each 
cell. Fruit usually globose, 2-5 inches in diameter, peri- 
carp nearly smooth, greyish-yellow, about % inch thick, 
hard, filled with softer tissue becoming very hard and 
orange-red when dry; cells as in ovary. Seeds very numer- 
ous, somewhat compressed, ranged in closely packed tiers 
in the cells, and surrounded by a very tenacious, slimy 
transparent mucus which becomes hard when dry; testa 
white, covered with woolly hairs immersed in the mucus, 
embryo with large eptylsdorin and a short superior 
ratlicle no endosperm.” 

Aegle marmelos has dimorphic twigs: (a) 
normal twigs with internodes 3 to 5 cm long 
with one well-developed leaf at each node, often 
with one or two spines alongside; (b) foliage 
spurs produced on primary branches of the pre- 
vious year’s growth, usually very short, 1 to 3 cm 
tong, with numerous very short internodes, each 
node bearing a leaf but no spines. The numerous 
leaves crowded on the foliage spurs vary greatly 
in size, the largest being nearly as large as the 





Fig. 3-53. Aegle marmelos. Left, slightly immature hard-shelled citroid fruit with leaves. Right, section of fruit. 
(Photos by L. C. Knorr.) 
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normal leaves on rapidly growing long-internoded 
branches but having decidedly longer petioles. 
The smaller leaves borne near the base of the 
foliage spurs are often much dwarfed, sometimes 
being only one-fifth or one-tenth as long as nor- 
mal leaves. These crowded leaves of all sizes 
often hide almost completely the branches which 
bear them. 

Because of these dimorphic characteristics 
the bael-fruit tree presents a peculiar appear- 
ance, with its long, slender young branches with 
only a few leaves scattered along them arising 
from an inner crown of older branches almost 
completely covered with massed foliage borne on 
the leaf spurs. Poncirus trifoliata has somewhat 
similar dimorphic branches and leaves but shows 
much less variation in the size of the leaves pro- 
duced on the leaf spurs (see p. 346). 

Besides this dimorphism of twigs and 
leaves, Aegle marmelos shows great variability 
in both kinds of leaves on different seedling trees, 
not only in size but in important botanical charac- 
ters, such as the presence or absence of a sepa- 
rative layer at the junction of the terminal leaflet 
with its petiolule, the relative length of this 
petiolule and of the petiole, as well as the length 
of the petiole in relation to the length of the 
entire leaf. The petioles on some trees have dis- 
tinct wings on each side for almost their entire 
length and on other trees show only two incon- 
spicuous green lines broadened into very narrow 
wings at the upper end of the petiole. The leaflets 
vary greatly on different seedling trees in mar- 
ginal crenulation and flatness or curvature of their 
surface. There is also great variation in the pos- 
ture of the leaves on the twigs which bear them 
and the degree to which the blades, petioles, and 
supporting twigs show reddish coloration where 
exposed to sunlight. 

These surprising diversities in leaf charac- 
ters were studied by Swingle in October, 1941, 
on some thirteen fruiting trees growing at Coco- 
nut Grove and Homestead, Florida, and con- 
vinced him that it would be necessary to make 
a detailed study of both wild and cultivated 
bael-fruit trees in India. The extraordinary varia- 
tion in taxonomically significant characters shown 
by the trees grown from seeds imported from 
India very probably means that there are several 
different strains, botanical varieties, or even good 
species to be found among the wild plants grow- 
ing in the mountains of northern India. Seedlings 
of these diverse wild forms planted together in 
the villages would doubtless be cross-pollinated 
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by insects and produce complex and highly varia- 
ble hybrids like those we find growing in Florida. 

For many years few or no fruits of Aegle 
marmelos were produced by trees growing in 
the continental United States, but now the trees 
in southern Florida have fruited freely. S. J. 
Lynch, former horticulturist of the Subtropical 
Branch Station of the Florida Agricultural Ex- 
periment Station at Homestead, found that many 
bael-fruit trees in southern Florida were suffer- 
ing from zine deficiency. Application of small 
amounts of zinc sulphate caused them to make 
a vigorous new growth with green (not yellow- 
ish) leaves and favored the setting and maturing 
of a good crop of fruit. 

The Hindus esteem the ripe bael fruit very 
much; in fact, many of them consider it to be the 
best of the citrus fruits. Some European residents 
of India have been known to develop a decided 
liking for it. Watt stated (1889, vol. 1, p. 123): 
“The fruit, when ripe, is sweetish, wholesome, 
nutritious, and very palatable, and eaten by all 
classes. The ripe fruit diluted with water, forms 
with the addition of a small quantity of tama- 
rinds and sugar, a delicious and cooling drink.” 
Concerning its medical value, W. R. Mustoe, then 
superintendent of the Government Archipelago 
Gardens, Lahore, India, wrote to David Fairchild 
on December 3, 1908, as follows: “All Indian 
medical authorities agree that the Bael fruit has 
a most salutory influence on the digestive system. 
The ripe fruit is mildly laxative and is a good 
simple remedy for dyspepsia. The unripe fruit is 
a specific of the highest value for dysentery so 
mild that it can be given to children without 
danger.” Roxburgh stated (1795-1819, vol. 2, p. 
23, pl. 143): “The fruit, delicious to the taste 
and exquisitely fragrant, is not only nutritious, 
but possesses a laxative and aperient quality, con- 
firmed by experience, which renders it partic- 
ularly serviceable in habitual costiveness.” 

The wild forms of Aegle marmelos have 
small fruits (5 to 7.5 cm in diameter), whereas in 
cultivated forms the fruits may attain a diameter 
of 12.5 to 17.5 cm (see fig. 3-53). According to 
Davis (1930, p. 111), in its wild or semi-wild state 
the bael-fruit tree grows freely in the Bahraich 
Forest in northern India (one of the northern dis- 
tricts of Oudh, in Uttar Pradesh State to the 
south of Nepal), even on poor clay soils where 
other trees fail. In view of the widespread use 
of the fruit in India both for food and for medi- 
cine, it is very desirable that this species be 
tested in the United States. Fortunately it is 
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easily propagated from seed and from layers. 
According to Turner (1893, p. 152), A. marmelos 
has been successfully fruited in northeastern 
New South Wales as far south as the Clarence 
River (about Lat. 29° 30 S.). It has for some 
time fruited in the warmer parts of the United 
States, and it is almost certain to succeed in 
Puerto Rico and Hawaii. In extreme southeastern 
Florida this species has been grafted successfully 
on Aeglopsis chevalieri and on Afraegle gabonen- 
sis, both of which are rather closely related plants 
that grow vigorously in the sandy-loam, porous- 
limestone soils found in this region. 

Although the bael-fruit tree grows com- 
monly in tropical climates, it loses its leaves in 
winter when in a cool climate; moreover, it is 
able to endure low temperatures in India when 
in a leafless condition—as low, itis said, as 17.5° 
F (-8° C). It is possible that, like many other 
deciduous trees, it must be exposed to the proper 
degree of cold over a long enough period for 
food materials stored in the trunk and twigs to 
be rendered available to support the new growth 
in early spring. 


XXIX. Afraegle (Swing.) Engler 


XXIX. Afraegle (Swing.) Engler, Die Pflan- 
zenwelt Afrikas 3:761. 1915. Balsamocitrus Sec. 
Afraegle Swing. Bul. Soc. Bot. France 58 (mém. 
8d):233. 1912. 

Type species.—_Citrus paniculata Schum. = 
Afraegle paniculata (Schum.) Engl. 

Distribution.—West Africa: Ghana, Togo, Da- 
homey, Nigeria, Cameroon, Gabon, Fernando Po Island. 

Common name.—African powder-flask fruits. 

Swingle described Afraegle as a section of Bals- 
amocitrus in 1912 and at the same time established the 
section Eubalsamocitrus for the typical species, B. dawei. 
The section Afraegle was raised to generic rank in 1915 
by Engler. In his revision of the whole plant family 
Rutaceae, Engler described it (1931, p. 352) as follows 
(in translation): “Calyx small, 5-merous, persistent. Petals 
5 linear, imbricate. Stamens about 20 with subulate fila- 
ments and anthers of about equal length, inserted in a 
broad lobed disk. Ovary short-ovate, roughened with 
glands, with about 8 locules, more or less, with numer- 
ous ovules in each locule; style shorter than the ovary 
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with a long-ovate stigma. Fruits large, globose or pear- 
shaped, with a hardish shell, many-seeded. Seeds large, 
up to 1.7 cm long, 1 cm thick, ovate, or wedge-shaped at 
the base, rounded or bluntly angled. Trees with trifolio- 
late, long-slender leaflets narrowed toward both ends, 
with axillary thorns and small 6-10-flowered racemes.” 

This West African genus of Hard-Shelled 
Citroid Fruit Trees contains three or four species 
of medium- or large-sized trees, including A. (?) 
asso, the tallest African species of the orange 
subfamily. Afraegle is more advanced from an 
evolutionary point of view than Balsamocitrus in 
that it has stamens three to four times as numer- 
ous as the petals (instead of only twice as many). 
Afraegle is related to Aeglopsis; the latter, how- 
ever, has simple leaves and only six locules in 
the ovary, instead of eight to ten, as in Afraegle. 
A key to the species of Afraegle is presented 
below. 

1. Afraegle paniculata (Schum.) Engl. Die 
Pflanzenwelt Afrikas 3:761. 1915. Citrus panicu- 
lata Schum. Dan. Vid. Selsk. Afh. 4:153. 1827; 
Aegle barteri Hook. f. 1895; Limonia warneckei 
Engl. 1905; Balsamocitrus paniculata (Schum.) 
Swing. Bul. Soc. Bot. France 58 (mém. 8d):231. 
1912. Illus. Hooker f., Icon. pl. 2285. 1895; Swin- 
gle, loc. cit. pls. 1, 2. 1912; idem, in Bailey, Stand. 
Cycl. Hort. 1:444, fig. 455. 1914; Engler, loc. cit. 
1915; idem, in Die Nat. Pflanzenfam. 19a:351, 
fig. 161. 1931; Tillson & Bamford, Amer. Jour. 
Bot. 25:786, figs. 39-45. 1938; fig. 3-54 this work. 

Type.—West Africa, Gold Coast (Thonning, No. 
179 ?). Herb. Copenhagen (?). Cotype: Herb. Jussieu, 
Mus. Hist. Nat., Paris. 

Distribution—West Africa: Liberia (?), Ivory 
Coast, Ghana, Dahomey, Nigeria. 

Common name.—Nigerian powder-flask fruit. 

In 1912 Swingle quoted a detailed description of 
this plant by Chevalier. It reads as follows (in translation 
from the French): “Tree 8-15 m high, branching 1.5-2 
m above ground. Trunk 25-40 cm diam., bark brown, 
lightly split ee Branches numerous, spiny, 
making a rounded head like an orange tree. Young twigs 
green, slender, glabrous, spines straight, very sharp, 12- 
18 mm long, occurring in the axils of some leaves. 

“Leaves alternate, 3-foliolate or, by exception, 1- 
foliolate by abortion, 8-16 cm long, completely glabrous. 
Leaflets similar, oboval or oblong, cuneiform at base, 


KEY TO THE SPECIES OF AFRAEGLE 


A Leaflets broadly ovate, blunt-pointed; fruits large; a tree 30 meters high. ......................ceccceeeeteeeteeeeeeeeeees 3) A. asso 
AA Terminal leaflet lanceolate or long-elliptic and somewhat pointed. ..........0.......0...c2:ceccceecesesceeee eee eeceeeeeneeeseeeessesesenseees B 
B Leaves 3-foliolate; lateral leaflets 344-% as long as the terminal, obovate or oblong, rounded or bluntly pointed 


at the tips; stamens 4 times as many as the petals; fruits globose... ee eect eee 1) 


A. paniculata 


BB Leaves 3-foliolate or 1-foliolate; lateral leaflets less than half as long as the terminal one, linear or lanceolate, 


Gute at the ips: wicca te ae ed eas 
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C Leaflets linear, narrowed and decurrent into the petiolule, finely serrate on the margins; fruits pyriform. 


4) A. milbraedii 


CC Leaflets lanceolate, rather bluntly pointed at the base, not decurrent into the petioles in 1-foliolate leaves; 
stamens 3 times as many as the petals; fruits slightly pyriform, 2.000.000. eee eee eeeeeeeees 2) A. gabonensis 
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rounded or alternate, subacute at the a 
retuse, lightly crenulate in the upper h 
margin, firm or subcoriaceous, a utiful green color 
both above and below, central leaflet a little larger than 
the lateral ones, measuring 4.5-11 cm long and 2.5-5.5 
cm broad, borne on a petiole 5-30 mm long, articulated at 
the two ends, lateral petioles 2-10 mm long. Inflores- 
cences small, axi icles, 4-6 cm long, few-flowered 
(6-10 fls.), isolated at the axil of the leaves or inserted on 
parts having already lost their leaves. Rachis and pedicels 
glabrous green, pedicels 2-3 mm long. Flowers white, 
with a strong odor of ‘berlingot,’ glabrous, buds ovoid. 
Calyx cyathiform, 3-4 mm long with 4 short lobes 
rounded and irregular. Petals 4, oval, oblong, rounded at 
the apex, greenish outside, white inside, 10-13 x 446 
mm, curved backward. Stamens 15-20 (usually 16), fila- 
ments free, white, fusiform, erect, 4-5 mm [long]; an- 
thers oblong, 2.5 mm long. Disk greenish- stipulate, 
slightly lobed. Ovary ovoid, greenish, divided into +8 
locules. Stigma ovoid, glandular, 3 mm long, borne on a 
very short style... . 

“Fruit globose or obovoid, sometimes slightly 
stipulate at base, almost always depressed at the top, as 
large as a big orange (6-8 cm aati, when mature), 
wrinkled on the surface, sometimes tuberculous, without 
odorous glands. 
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“Pericarp hard, 4-5 mm thick, resembling the 
pericarp of large fruited Strychnos, remaining green when 
mature, then becoming grayish. 


“Segments 8 (!) with smooth walls (not covered 
with fleshy hairs). Each segment contains numerous 
irregularly arranged in 2 or 3 rows, inserted in the 
placenta, axillary and in orderly arrangement, tegument 
whitish, parchment-like.” 

Fresh flowers of Afraegle paniculata from 
a tree grown in the citrus greenhouse of the for- 
mer Bureau of Plant Industry at Washington, 
D.C. (see fig. 3-54), were compared on July 10, 
1937, with fresh flowers of A. gabonensis grown 
in the same greenhouse. They showed the follow- 
ing points of difference: Inflorescences of A. 
paniculata much longer, but pedicels slightly 
shorter (3 to 4 mm long); flowers about the same 
size as those of A. gabonensis; calyx not flat and 
discoid but cup-shaped with 3 to 5 clearly 
marked, very bluntly pointed lobes, finely ciliate 
at the apex; petals very similar to those of A. 
gabonensis; stamens similar but in A. paniculata 
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Fig. 3-54. Afraegle paniculata. Left, flowering branch from tree grown at the former Bureau of Plant Industry 
citrus greenhouse in Washington, D.C. Right, leafy branch from tree grown at Citrus Research Center, Riverside, 


California. 
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nearly four times as numerous as the petals (often 
one or two short of this number), whereas in A. 
gabonensis three times as many (or a few short); 
disk smaller, about 3.5 to 4.5 mm wide and 1.5 
mm high, pea-green instead of yellowish-green, 
as in A. gabonensis 

This tree, which reaches a height of 15 
meters, is often planted by the natives in their 
villages in Dahomey and Nigeria. The seeds are 
said to yield an edible oil and the leaves are 
sometimes macerated and added to the water 
used for bathing. In the United States, this spe- 
cies grows well in the greenhouses of the U.S. 
Department of Agriculture and sometimes flow- 
ers, but so far has not borne fruit. In the quasi- 
tropical coastal region near Miami, Florida, which 
has an unusual type of soil consisting largely of 
porous-limestone rock intermingled with fine sand 
or very sandy loam, this species, when well fer- 
tilized, makes extraordinary growth—probably 
ten times as fast as in the Washington green- 
house. A tree growing near Coconut Grove, when 
only four or five years old and only 5 feet (1.6 to 
1.8 m) high, had a lateral spread of 15 to 20 feet 
(4.5 to 6 m). As it grew older, this tree became 
much taller but still had long branches. Afraegle 
paniculata grows in the Miami region much more 
rapidly than Aeglopsis chevalieri (another vigor- 
ous but dwarfish West African Hard-Shelled Cit- 
roid Fruit Tree), and is being tested as a rootstock 
for the bael fruit Aegle marmelos, a species which 
often does not grow well on its own roots. 7 

2. Afraegle gabonensis (Swing.) Engl. Die 
Pflanzenwelt Afrikas 3:761. 1915. Balsamocitrus 
gabonensis Swing. Bul. Soc. Bot. France 58 (mém. 
8d):233. 1912. Illus. Swingle, loc. cit. 58 (mém. 
8d): 235, fig. B, pl. 4. 

Type.—West Africa, Gabon (Congo francaise) 
(R. Pére Klaine, No. 2008); plant grown aa seed of 
this collection in greenhouse of Jardin des Plantes at 
Paris was for many years grown in the citrus greenhouse 
of the former Bureau of Plant Industry, Washington, D.C. 
(C.P.B. No. 7516). Natl. Herb., Washington, D.C. Cotype: 
Gabon du Nord (R. Pére Klaine, No. 1106, fruit with 
seeds). Herb. Mus. Nat., Paris. 

Distribution.—West Africa: Gabon. 

Common name.—Gabon powder-flask fruit. 


Swingle’s original description of this species reads 
as follows (in translation): “Balsamocitrus with simple or 
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3-foliolate leaves, lateral leaflets much shorter than the 
terminal one (never half as long), lanceolate or narrowly 
lanceolate, more or less acute at the apex, acute at the 
deltoid base, margin almost entire or slightly crenate, 
densely rab il negoa petioles winged, 0.5-3.5 cm 
long in 3-foliolate leaves, much longer than in 1-foliolate 
ones, very glabrous, flattened above, spines slender; sharp, 
solitary or in pairs in the axils of the leaves, scarcely as 
long as the poe 1-2 cm long or very slightly recurved. 
Flowers unknown. Fruits subpyriform, size of a large or- 
ange, cortex hard, 3 mm thick; seeds numerous, glabrous, 
oval or cuneiform, more or less angled, 14%-1% cm long. 
%-1 cm wide. Spiny tree, young twigs virgate green.” 

Fresh flowers from a tree grown in the former 
Bureau of Plant Industry greenhouse at Washington, D.C. 
(tree grown from seed sent by R. Pére Klaine [No. 2008] 
in 1892 from Gabon to Paris, brought to the United States 
in 1912 by Swingle [l.c.]), were examined. The inflores- 
cences are short, axillary racemes or corymbs, pedicels 
glabrous, 5-7 mm long, 1 mm diam. at base, 2 mm diam. 
at junction with the calyx; calyx 3-4 mm diam., thick, 
flat, plate-shaped with lobes very faintly or not at all 
marked, but with a thin, hyaline, ciliate membrane around 
the margin (the interruptions in this membrane lear | 
delimit the poorly defined sepals); bud broadly conical, 
4-5 mm wide and 7-8 mm long, vivid green; petals 3-5, 
green without, greenish-white or cream-white where 
thickest, 9-11 mm long, 3-5 mm wide, ovate-rounded at 
the tip and slightly acute, curved, strongly incurved near 
the apex, soon falling, each carrying 2 stamens attached 
at the base; stamens apparently 3 times as many as the 
petals (9-15), 4-6 mm long, glabrous, subulate, 1 mm 
diam. at the base, 0.5 mm at attachment to anthers, which 
are linear, arising at the base of a very long lobed disk 
and curving upward along the furrows in it; disk 5-6 
mm diam., 2-3 mm high, forming a shallow cup in which 
the ovary fits loosely; ovary ovate, about 3 mm high, 2%-3 
mm wide, with 8 locules; ovules in each locule numerous, 
in 2 rows; style very short, thick, 14 mm wide, 1 mm 
long, ending in an ovoid glutinous stigma, 2 mm long and 
1% mm wide. 


Afraegle gabonensis, like Aeglopsis egge- 
lingii, has three times as many stamens as petals,®° 
not twice as many or four (or more) times as 
many as do the other species of the subfamily. 
This species grows vigorously and fruits sparingly 
in the Fairchild Gardens, Coconut Grove, Florida. 


IMPERFECTLY KNOWN SPECIES 


3. Afraegle asso Engl. Die Pflanzenwelt 
Afrikas 3:761. 1915. 


Type.—Molunda district, southern Cameroons, 
West Africa. Herb. Bot. Mus., Berlin-Dahlem. 


Distribution.—Known only from the type locality. 


80 This unusual number of stamens is almost certainly due to the outer whorl (alternative with the petals) per- 
sisting in the ancestral number, whereas the inner whorl is doubled at an early stage of development. Penzig, who held 
to the view of obdiplostemony in Citrus was hard pressed to find clear proof of any differentiation of the stamens of 
Citrus into two distinct whorls. He finally discovered (1887, p. 69) a not uncommon monstrosity, a partly double-flow- 
ered variety of Citrus in which the stamens of the outer whorl but not the inner whorl were transformed into petals. The 
flower of A. gabonensis is the first instance yet found in the orange subfamily of a normal (not teratological) difference 


in the stamens of the two whorls. 
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Engler’s short description (l.c.) reads in transla- 
tion as follows: “Finally there is found in the District 
Molunda, in South Kamerun, a tree up to 30 meters 
[98% ft.] high, with broadly ovate leaflets and large 
fruits.” 

According to Engler, this species and A. 
milbraedii may belong to Balsamocitrus instead 
of to Afraegle, as flowers (necessary to decide 
to which genus they belong) are still unknown. 

4, Afraegle milbraedii Engl. Die Pflanzen- 
welt Afrikas 3:761. 1915. 

Type.—San Carlos, Fernando Po Island, West 
Africa. Herb. Bot. Mus., Berlin-Dahlem. 

Distribution.—Known ony from the type locality. 

Engler gave (l.c.) a very brief notice of this spe- 


cies as follows: “[Afraegle gabonensis] is rather closely . 


approached by A. Milbraedii from San Carlos on Fer- 
nando Po, of which unfortunately we have only imperfect 
specimens; it is distinguished from A. gabonensis by leaf- 
lets that are more linear than lanceolate but more 
strongly narrowed into the petiolule at the base, and 
finely crenulate on the margins; the pear-shaped, hard- 
shelled fruits are unfortunately not developed normally.” 
Since Engler (1931, p. 353), shortly before his death, re- 
printed this unchanged, evidently no additional material 
had been obtained. 


XXX. Aeglopsis Swingle 


XXX. Aeglopsis Swingle, Bul. Soc. Bot. 
France 58 (mém. 8d):237. 1912. 

Type species.—Aeglopsis chevalieri Swing. 

Distribution.—West Africa: Ivory Coast. 

Common name.—Dwarf powder-flask fruit. 

Much branched, very spiny small tree or shrub; 
leaves simple, subcoriaceous, pellucid-punctate; petioles 
short, spines solitary, axillary; inflorescences axillary pani- 
cles, few- or many-flowered; flowers 4—5-merous; stamens 
2 or 3 times as many as the petals; style very short, 
stigma cylindric, viscous; disk large, lobed, sulcate, annu- 
lar, enclosing the ovary, which has 6-8 (rarely 5) locules, 
ovules 12-18 (?) in each locule; fruit subglobose or pyri- 
form, 5-11 cm long, 4-8 cm diam., size of an orange, with 
a hard, woody shell, filled with mucilaginous juice; seeds 
ovate-compressed, with a coriaceous, glabrous testa. 

This genus of two species, one found in 
the Ivory Coast region of West Africa and the 
other one in Uganda and Sudan in East Africa, is 
doubtless closely related to Afraegle, Balsamo- 
citrus, and Aegle. It is the simplest form of all 
this group of Hard-Shelled Citroid Fruit Trees 
in that it has fewer locules in the ovary (6 to 8 
instead of 8 to 20); moreover, it has twice or 
three times as many stamens as petals, a some- 
what primitive character in the orange subfamily. 
It shows, however, an advanced character in its 


THE CITRUS INDUSTRY 


invariably simple leaves (even the first two oppo- 
site pairs of post-cotyledonary leaves are simple). 
A key to the species of Aeglopsis appears below. 

1. Aeglopsis chevalieri Swing. Bul. Soc. 
Bot. France 58 (mém. 8d):240. 1912. Illus. Swin- 
gle, loc. cit. pl. 2, figs. 1-9, and pl. 3; idem, in 
Bailey, Stand. Cycl. Hort. 1:223, fig. 130. 1914; 
fig. 3-55 this work. 

Type.—Port de Sassandra, Ivory Coast, West 
Africa (Chevalier, No. 17940). Herb. Chevalier, Herb. 
Mus. Hist. Nat., Paris. Paratypes: Herb. Mus. Nat., Paris, 
and Natl. Herb., Washington, D.C. 

Distribution.—Collected only along the Ivory 
Coast from western Sassandra to the Liberian frontier; 
doubtless occurs also in Liberia and in Ghana. 

Common name.—Chevalier’s aeglopsis. 

Shrub or small tree, branches numerous; spines 
solitary, straight, strong, pointed, 2-3.5 (sometimes 3-7) 
cm long; leaves simple, medium-sized, 5-12 x 2.5-7 cm, 
elliptical, rounded at the apex or short-acuminate, cuneate 
at base and merging gradually into the short, glabrous, 
wingless res (2-4 mm long), which is not articulated 
with the leaf blade; inflorescences small, axillary panicles, 
few-flowered (4-8) or sometimes many-flowered (20-40), 
pedicels slender (3-5 mm long); flowers glabrous, white, 
calyx 4-5 mm diam., with 4-5 short, wide lobes more or 
less rounded, petals 5 (sometimes 4), white, oblong-lanceo- 
late, rounded at the apex, 9-12 x 3.5-5 mm, caducous, 
stamens 8-10, filaments free, linear, 5-6 mm long, anthers 
oblong, 2.5-3 <x 1 mm; disk subcupulate, very large, 5-6 
mm diam., 2.5-3 mm high, with about 10 rounded lobes; 
ovary ovoid, 2.5-3 x 2-3 mm, merging imperceptibly 
into the short style, locules 6 (sometimes 5), containing 
numerous ovules (12-18 ?) arranged in 2 series; fruits glo- 
bose or pyriform, attenuate at the base when young, 6-9 
cm diam., with 6 (sometimes 5) segments, 8-12 seeds in 
each segment pressed together and imbedded in a liquid, 
mucilaginous jelly secreted by the glands on the locule 
walls; peel semicoriaceous, green, becoming yellowish, 3 
mm thick, with many nonodorous superficial glands; seeds 
ovoid, flattened, 12-16 mm oe 10-12 mm wide, and 4— 
7 mm thick, with a parchment-like, glabrous testa. 

Aeglopsis chevalieri is the only Hard- 
Shelled Citroid Fruit Tree that has flowered and 
set fruit freely in the orange house of the US. 
Department of Agriculture at Washington, D.C., 
while still a small tree, 2 to 3 meters high (fig. 
3-55). It flowers profusely and bears a few small, 
pyriform, only moderately hard-shelled fruits of 
brilliant orange-brown color. The seeds germi- 
nate freely, but the cotyledons, although turn- 
ing green, remain buried in the soil. Seedlings 
of A. chevalieri planted some years aa in David 
Fairchild’s collection of Citrus and related plants 
in his tropical garden, “The Kampong,” at Coco- 


KEY TO THE SPECIES OF AEGLOPSIS 


A Fruits subglobose or slightly pvriform, 3.5-5 x 2.5-3.5 cm; stamens twice as many as the petals......... 1) A. chevalieri 
B Fruits somewhat pyriform, 9-11 x 7-8 cm; stamens three times as many as the petals... 2) A. eggelingti 
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nut Grove, Florida, have made a remarkably 
vigorous growth. They have flowered profusely 
and have ripened abundant fruits filled with 
good seeds. 

Seediing plants of this species, so easily 
obtained in quantity, make excellent rootstocks 
on which to graft Balsamocitrus, Afraegle, and 
also Aegle, genera which seldom fruit in the 
United States and which are also hard to propa- 
gate from cuttings. Aeglopsis seedlings were used 
not only to propagate the rare East African Bal- 
samocitrus dawei by grafting the latter species 
on the young seedlings but also to induce root- 
ing of Y-cuttings of Balsamocitrus dawei (see 
Swingle, Robinson, and May, 1929, p-. 79). 

2. Aeglopsis eggelingii M. R. F. Taylor, 
Kew Bul. Misc. Inform. 1940:53. 1940. 

Type.—Uganda, Bunyoro District (Lat. 1° 10’-2° 
20’ N., Long. 30° 40’-32° 25’ E.), Siba Forest (Eggeling, 
No. 3006). Herb. Kew. 

Distribution Uganda: between Lake Edward 
and Lake Albert, Toro District, Bunyoro District; Sudan: 
Equatoria Province, Lado. 

Common name.—Eggeling’s aeglopsis. 
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The original description translated from Latin 
reads: “Differs from A. Chevalieri Swingle in its shrubby 
habit, axillary spines seldom paired, sedlicals with bracts, 
globose buds, petals 3 or 4, ovate, never lanceolate, sta- 
mens 3 times as many as the petals, ovary 7-8-locular, 
Much-branched rae § 4 m high, spiny, glabrous. 
Branches rounded, compressed when young, brownish, 
internodes 2-4 cm long, spines axillary, solitary or paired, 
2-3 cm long, stiff, erect, arash, nivel simple, alter- 
nate, subcoriaceous; petioles 5-8 mm long, canaliculate- 

ulvinate; leaf blade ovate or ovate-lanceolate, 7-14 cm 
isag: 3-5.5 cm wide, apex obtuse or acute or often acu- 
minate, cuneate towards the base, margins slightly and 
irregularly crenate, dark green above, pale green below, 
densely pellucid-punctate on both sides, midrib prominent, 
lateral veins 7-10 on each side, spreading, arcuate; inflor- 
escence axillary, few-flowered (about 5), peduncles irreg- 
ularly branched, branchlets very short (up to 3 mm long), 

dicels 3 mm long ‘ampliati’ [swollen above ?], with 2 
beset glandular-punctate, bracts ovate-lanceolate, 1 mm 
long, obtuse; flowers 1.5-2.5 cm diam., greenish-white, 
buds globose or slightly 3-4-lobed, about 4 mm diam.; 
petals 3-4, ovate, 1 cm long, 7-8 mm wide, obtuse at the 
apex, truncate at base, thick, glandular-punctate, longi- 
tudinally striate above, margins sometimes slightly in- 
curved towards the apex; stamens 9-12 (3 times the num- 
ber of the petals), filaments strap-shaped, attenuate towards 
the apex, about 5 mm long, 1 mm wide, compressed, 


Fig. 3-55. Aeglopsis chevalieri. Left, slightly immature hard-shelled citroid fruit. (Photo by L. C. Knorr.) Right, 
flowering branch from tree grown by the U.S. Department of Agriculture, Washington, D.C. 
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thick, incurved; connective glandular at apex; anthers ob- 
long, 2 mm long, about 1 mm wide; disk annular, 5-6 mm 
diam., 1.5-2 mm high, lobed, sulcate; ovary ovoid, 3-4 
mm long, 2-3 mm diam., base sunk in the disk, locules 
7-8, ovules numerous; style 2 mm long, 1 mm diam., 
rounded; stigma cylindrical, about 1.5 mm diam.; fruit 
subpyriform, 9-11 cm long, 7-8 cm diam., fragrant, 7- 
locular, locules widely triangular, ee peel sub- 
ligneous; seeds sibeltinsoiid 1-1.5 cm long, 8 mm wide, 
compressed.” 

William J. Eggeling, who discovered this 
species and in whose honor it was named, made 
an interesting report about it in a general work 
on the forest trees of Uganda (1940, p. 205). He 
stated that it is a ey ush or tree, growing up 
to 20 feet high on the edges of the forest; “spines 
strong, straight, sharp, slender %-'% in. [8 to 13 
mm] long”; also, “fruit yellow-green, woody, pear- 
shaped, up to 3 in. diam. [75 mm]; seeds sur- 
rounded by a strongly aromatic balsam.” 


XXXI. Balsamocitrus Stapf 


XXXI. Balsamocitrus Stapf, Jour. Linn. 
Soc. 37:504. 1906. 

Type species.—Balsamocitrus dawei Stapf. 

Distribution — Uganda: a monotypic genus known 
only from the type locality in the Budongo Forest, Un- 
yoro. 

Common name.—Uganda powder-flask fruit. 

Stapf’s original description of the genus reads, in 
translation, as follows: “Related to Aegle, but distinct in 
habit of growth, in having thick leaves, and chiefly in 
having few stamens and the seed with glabrous testa. 
Flowers hermaphrodite. Calyx small, 5-merous, persistent 
for a day. Petals 5, oblong, imbricate. Stamens 10; fila- 
ments subulate, longer than the sagittate anthers, inserted 
[sic] in the annular disk. Ovary ovoid, with 8 locules; 
style short, conical-cylindric, soon deciduous; stigma in- 
conspicuous, slightly sulcate; ovules many in each locule, 
in 2 series. Fruit ovoid-globose, with a woody cortex, 8 
segments, filled with many seeds in a liquid balsamic 
jelly, pulp scarce. Seeds subellipsoid, slightly compressed, 
testa coriaceous, very glabrous. Endosperm lacking. Em- 
bryo with large thick fleshy cotyledons, radicle small. Un- 
armed tree, tall. Leaves 3-foliolate, leaflets thick, corta- 
ceous, subcrenulate, pellucid-punctate. Panicles axillary, 
short, flowers, small. Fruit large. One species.” 

Balsamocitrus is apparently the most prim- 
itive of the four closely related genera of Hard- 
Shelled Citroid Fruit Trees (Balsamocitrus, Ae- 
glopsis, Afraegle, and Aegle). It is like Aeglopsis 
chevalieri in having only twice as many stamens 
as petals but, unlike the simple-leaved Aeglopsis, 
it retains the trifoliolate leaves undoubtedly an- 
cestral in this group, and very rarely produces 
unifoliolate leaves. Balsamocitrus does not show 
the exuberantly-developed, lobed disk that is 
found in the other African genera of this group, 
Aeglopsis and Afraegle, but has a simple, annular 
disk like the Indian genus Aegle, which, how- 
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Fig. 3-56. Balsamocitrus dawei. Leafy twig. 


ever, differs from all the African genera in having 
very numerous stamens and woolly seeds. 

Balsamocitrus dawei an Jour. Linn. 
Soc. 37:504. 1906. Illus. Stapf, loc. cit. pl. 37; 
Swingle, Bul. Soc. Bot. France 58 (mém. 8d) :226, 
fig. A. 1912; idem, in Bailey, Stand. Cycl. Hort. 
1:443, fig. 454. 1914; Swingle, Robinson, & May, 
Jour. Hered. 20(2): figs. 9-12. 1929; Eggeling, 
Indig. Trees Ugand. fig. 58, a-d. 1940; fig. 3-56 
this work. 

Type.—East Africa, Uganda, Unyoro, in the Bu- 
dongo Forest east of Lake Albert Nyanza (Dawe, No. 
788). Herb. Kew. 

Distribution—Known only from the locality. 

Common name.—Uganda powder- fruit. 

The original description, as translated, reads: 
“Tree about 20 m tall, very glabrous. Twigs rather thick, 
on drying black, young ones hollow or spongy (‘fistulosus’). 
Leaflets unequal, ovate or ovate-elliptic, somewhat ob- 
tuse, or subacuminate, acute at the a crenulate, 4-7 
cm long, 3.5-5 cm wide, on drying fuscous, black-punc- 
tate; lateral petiolules 7-10 mm long, intermediate termi- 
nal ones up to 15 mm long; the common petioles 2.5-3 cm 
long. Panicles 2-4 cm long, contracted; bracts very small; 
ultimate pedicels up to 4 mm long, rather thick. Calyx 
up to 2 mm long, segments broadly ovate, acute, some- 
what thick. Petals white, 5 mm long. Filaments 2 mm (or 
a little more) long; anthers scarcely 1.5 mm long. Fruit up 
to 13 cm long, 11 cm wide, cortex 5 mm thick. Seeds up 
to 16 mm long, 10 mm wide, 8 mm thick. Unyoro, Bu- 
dongo Forest, Dawe 788.” 
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Eggeling, in his work on the forest trees 
of Uganda, stated (1940, p. 205): “Deciduous 
forest tree, 70 ft.; flowers greenish-yellow in 
contracted axillary panicle, 2-3 in. [50-75 mm] 
long, petals 4, in. [5 mm] long [sic], very odorous, 
woody (shell 4% in. [5 mm] thick); yellow-orange 
when ripe, ovoid globose, up to 54% in. [13 cm] 
diam., 6-8 locules; seeds several per locule, about 
4 in. [16 mm] long. Wood yellow-white, even in 
grain, hardy, nailing badly but not splitting, dif- 
ficult to saw, planing badly, turning well, taking 
a good polish; weight 52 lbs. per cu. ft. air-dry.” 

This remarkable Citrus relative is native to 
the plateau of Uganda, East Africa, to the east 
of Lake Albert, at altitudes of 600 to 915 meters 
(2,000 to 3,000 ft.), where it attains a height of 
about 25 meters (82 feet). Seeds were collected 
by M. T. Dawe from the type locality and sent 
to Swingle at the former Bureau of Plant Indus- 
try before World War I. Under culture in the 
greenhouse it grew freely, but even after many 
years did not flower. (See fig. 3-56.) 

Balsamocitrus dawei can be She le 
easily by grafting on seedlings of Aeglopsis cheva- 
lieri (which fruits freely in the greenhouse) and 
twigs can be forced to root by the so-called nurse- 
grafted Y-cutting method (Swingle, Robinson, 
and May, 1929, p. 79), where one fork of the Y 
is grafted on Aeglopsis until the base of the 
Y strikes root. It is highly probable that Balsa- 
mocitrus could be grafted also on the species of 
Afraegle, and on Aegle as well, as it is closely 
related to both of these genera. As it is one of 
the largest trees among the Hard-Shelled Citroid 
Fruit Trees (subtribe Balsamocitrinae), it should 
be tested as a stock for Aegle, the bael fruit of 
India, the most important widely consumed cv 
cies in the subtribe but one that has proved dif- 
ficult to grow on its own roots in the United 
States. 
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GROUP C. THE WOOD-APPLE GROUP 


This well-marked group comprises two 
genera, Feronia and Feroniella, which differ from 
all the other genera of the subtribe Balsamocitri- 
nae in having a most remarkable fusion of the 
four to six locules of the ovary into a single 
cavity (showing when young short rudiments of 
the follicule lateral walls that, however, do not 
reach to the center of the ovary). As the core or 
axis of the ovary has disappeared, an entirely 
new placentation has developed in this group 
which is not found elsewhere in the orange sub- 
family or even elsewhere in the family Rutaceae: 
a placenta develops along the middle of the 
ventral wall of each of the original locules and 
bears very numerous ovules that because of their 
long raphae are pendent and spread apart until 
they seem to cover the whole ventral wall. 

All in all, no other group of Citrus relatives 
shows such striking deviation from the normal 
in ovary and fruit structure. Nevertheless, Citrus 
can be grafted on both Feronia and Feroniella, 
and there can be no doubt that the genera of 
group C are related to those of group B. There 
is less evidence of relationship of group C to 
group A, but plants of both of these groups can 

e grafted on Citrus. 


XXXI1. Feronia Corréa®! 


XXXII. Feronia Corréa, Trans. Linn. Soc. 
5:224, 1800. 

Type.—Feronia elephantum Corréa = F. limonia 
(L.) Swing. 

Distribution.—India, Ceylon, Burma, Thailand, 
Indo-China. 

Common name.—Indian wood apple. 

Flowers in loose panicles, hermaphrodite, by 
abortion polygamous; calyx small, 5-toothed, caducous; 
petals 5, rarely 4-6, s pending. oblong or ovate-lanceolate, 
imbricate in the bud. stamens 10-12; filaments dilated, 
bound together by densely woolly pubescence at the base, 


81 Airy-Shaw (1939, p. 293) has proposed substituting the generic name Limonia for Feronia. However, in view 


of the origin and subsequent misuse of the name Limonia such a substitution seems inadvisable. When Linnaeus estab- 
lished the genus Limonia in 1762 he failed to describe it, and although it apparently covered what he assumed to be a 
single species, Limonia. acidissima, he included in the synonomy plants belonging to at least two species, one each, in 
the genera Hesperethusa and Feronia (citing illustrations of both) and probably to a third species in the seus Citrus! 
Thus, from the very start, the name Limonia was a nomen confusum, “derived from two or more entirely discordant 
elements,” which “must be rejected” in accordance with Article 70 of the International Code of Botanical Nomencla- 
ture (Lanjouw, 1961, p. 50). Furthermore, the name Limonia acidissima was gash never used by any botanist for 
the wood apple, but was often misapplied to the plant now known as Hesperethusa crenulata. In 1800 Corréa da Serra 
established the genus Feronia for the wood apple, and since that date all botanists have so used it. On the other hand, 
Limonia has become a true nomen ambiguum, “permanent source of confusion or error,’ as it has been applied to 
plants belonging to at least thirteen very diverse genera, namely, Micromelum, Glycosmis, Murraya, Triphasia, Pambu- 
rus, Luounga, Paramignya, Severinia, Pleiospermium, Hesperethusa, Citropsis, Atalantia, and Swinglea, dare 
both tribes and five of the six subtribes which constitute the subfamily Aurantioideae! In view of the dubious origin an 
wholesale misuse of the name Limonia the genus name Feronia should be conserved and Limonia should be rejected. 
For this reason we are using the name Feronia. 
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subulate at the apex; anthers large, linear-oblong, attached 
at the base, disk short; ovary globose, incompletely 4-6- 
locular, then 1-locular (with 4-6 parietal placentae), 
merging into a short, thick, attenuate style; stigma ob- 
long-fusiform; ovules at the internal angles of the incom- 

lete ovary walls, very numerous, in several series; fruit 
i e, globose, having a woody shell, with a single cavity, 
with numerous parietal placentae, bearing numerous s 
surrounded by a santa pulp; seeds oblong, compressed, 
testa thin, brown, hairy; cotyledons thick, fleshy, radicle 
pointing away from the hilum. A medium-sized spiny tree 
with hard wood. Spines short, straight, axillary. Twigs and 
leaves densely covered with minute pubescence when 
very young, soon glabrous. Leaves deciduous (in tropical 
climates often persistent), odd-pinnate, leaflets opposite, 
subsessile, entire or slightly crenulate, pellucid-punctate; 
petiole and rachis simple or winged. 





2.5 cm 


Fig. 3-57. Feronia limonia. Leafy twig with spines. 
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This genus deviates widely from all the 
other genera of the orange subfamily except 
the closely allied Feroniella in having an ovary 
that in its earliest stages of development shows 
four to six locules which soon fuse into a single 
locule with parietal placentae with very numer- 
ous ovules. From Feroniella, to which it is ob- 
viously closely related, it differs in having only 
twice as many stamens as petals (instead of four 
times as many), stamens without basal appen- 
dages, hairy seeds, and a fruit with a woody 
shell not composed of wedge-shaped radial ele- 
ments. The leaves of Feronia, as well as those 
of Feroniella, are odd-pinnate with paired oppo- 
site leaflets on a rachis that is composed of seg- 
ments articulated at each leaf pair. This character 
is found only in the tribe Citreae and there only 
in the pinnate-leaved species. The fact that Citrus 
can be grafted on Feronia is an indication of its 
not too remote relationship to the True Citrus 
Fruit Trees. 

Feronia limonia (L.) Swing. Jour. Wash. 
Acad. Sci. 4:328, 1914. Schinus limonia L. Sp. Pl. 
1:389. 1753; Feronia elephantum Corr. Trans. 
Linn. Soc. 5:225. 1800; Limonia acidissima L. 
1762. Illus. Roxburgh, Pl. Corom. 2: pl. 141. 1798; 
Beddome, FI. Sylv. pl. 121. 1871; Wight, Icon. PI. 
Ind. Or. 1: pl. 15. 1840; idem, Gartenflora 33:87. 
1883, and 34: pl. 1206. 1885; Talbot, Forest FI. 
Bombay Presid. 1:204. 1909; Tillson & Bamford, 
Amer. Jour. Bot. 25:786, figs. 47-49. 1938; fig. 3-57 
this work. 


Type.—Ceylon (Hermann). Herb. Brit. Mus., 
London. 

Distribution —India, Ceylon, Burma, Indo-China, 
Malay Peninsula, Indonesia. 

Common name.—Indian wood apple. 

This species was described by Trimen (1893, p. 
229) as follows: “A small tree, branches numerous, wi 
smooth, whitish bark and with sharp, straight, ascending 
spines, 0.5-1.5 in. [1.2-3.8 cm] long; 1. pinnate, 3-4 in. 
(7.5-10 cm long], rachis and petiole flat, very narrowly 
winged, glabrous, lfts. opposite, in 2 or 3 pairs and usually 
a terminal one, nearly sessile, 1-1.5 in. [2.5-3.8 cm long], 
oval or obovate, obtuse, entire, glabrous, basal ones the 
largest; fl. small, numerous, in small, paniculate, sessile 
cymes from the axils of fallen |., ped. slender, pubescent; 
cal. very small; pet. ovate, acute, spreading, smooth; stam. 
7-12, fil. very doit, anth. very large; disk finely woolly; 
ov. with numerous ovules in each cell, style very short, 
stigma fusiform; fruit large, 2-2.5 in. [5-6.3 cm diam.], 
globose, hard, pericarp woody, rough, whitish, 1-celled; 
seeds oblong, compressed.” He stated further: “Flowers 
Feb. Mar.; pale green, stained with red le, anthers 
dark red.” Brandis (1906, p. 119) stated: “Flowers dull 
red, generally unisexual, in fax panicles, male and bisexual 
flowers frequently on the same inflorescence.” He also 
noted that the leaves are deciduous. (See fig. 3-57.) 
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In addition to the description given above, it 
should be noted that the calyx is deciduous, as Hooker 
(1875, vol. 1, p. 516) pointed out: “Calyx small, flat, 5- 
toothed, deciduous.” He also noted that the leaves smell 
of aniseed and are deciduous. According to Guillaumin 
(1911, pp. 685, 687), the anthers are “twice as long as the 
filaments.” 

Although apparently universally reported as gi 
brous throughout except for the pedicels and peduncles, 
which are pubescent, and the base of the stamens, all the 
specimens that Swingle examined (from southeastern Asia, 
as well as greenhouse specimens from Washington, D.C.) 
show minute appressed yellowish-gray or nearly colorless 
hairs covering the petiole, rachis, and midribs of the very 
young leaves and ali of the young twigs and spines. The 
very youngest new growth is covered almost as com- 
pletely with these hairs as the very young growth of Gly- 
cosmis. These hairs soon disappear except at the joints 
of the rachis and base of the petiole. The seeds are pilose, 
as noted by Corréa in his original description of the genus 
Feronia. 

The wood-apple tree (sometimes: called 
elephant apple), like the related bael-fruit tree 
(Aegle marmelos), also native in the hill regions 
of northern India, is deciduous; however, it is 
not reported as growing above 457 meters (1,500 
feet) in the western Himalaya, whereas the bael 
tree in the same region grows up to 1,219 meters 
(4,000 feet). The wood apple is common in Ceylon 
in dry regions but the bael tree is not native so 
far south. The wood-apple tree is often planted 
in dooryard gardens in southern Asia and Java. 

The ability to drop its leaves puts the 
wood apple in a special, small group of Citrus 
relatives. It will be well worth while to study 
the wood apple and the bael fruit as examples 
of subtro ical Citrus relatives that have acquired 
the Aecituons habit. | 

As Feronia limonia can be used success- 
fully at least for a few years as a rootstock for 
Citrus, it should be compared with the trifoliate 
orange (Poncirus trifoliata), another deciduous 
Citrus relative that has been used with great 
success as a rootstock for kumquats and for the 
satsuma orange. Citrus when grafted on the wood 
apple is sometimes forced promptly into bloom. 
Such a graft might be utilized in an attempt to 
force newly originated or newly introduced varie- 
ties into bloom so that they may be used promptly 
in making other desired hybrids. 
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The ripe fruits of the wood apple contain 
a sour-sweet, aromatic pulp in which the seeds 
are imbedded. This pulp is sometimes eaten 
mixed with palm sugar or sweetened and stirred 
into coconut milk. It is also used to make a 
jelly said to be more or less astringent. A chut- 
ney is made from the pulp that is much liked 
by the natives. (See De Silva, 1890, p. 722; and 
Watt, 1890, vol. 3, pp. 326-27.) | 


XXXII1. Feroniella Swingle 


XXXIII. Feroniella Swingle, Bul. Soc. Bot. 
France 59:776. 1912. 

Type species.—Feroniella oblata Swing. 

Distribution —Laos, Cambodia, North Vietnam, 
South Vietnam, eastern Thailand, Java. 

Common name.—Feroniella. 

A small tree, twigs terete, with single axillary 
spines; leaves imparipinnate, with 3-6 or 7 strictly oppo- 
site pairs of leaflets, rachis segments and petiole cylindric, 
or more or less broadly winged; leaflets small (1.5-4 x 
0.8-1.5 cm), obovate or oblong, rounded or bluntly pointed 
at the tip; inflorescences axi , panicles branched from 
the base, flowers perfect or sale by abortion, 4-6-merous 
(commonly 5-merous), calyx small, with 4-6 acute lobes; 
petals 4-6, lanceolate or oblong-lanceolate, very acute at 
the tip; stamens 16-20, filaments slender, glabrous, each 
furnished at the base on the inner side with a pilose 
linear appendage, free above, about % or 4 the length of 
the filament, anthers oval, much shorter than the fila- 
ments; disk very short, ovary subglobose, narrowed abrupt- 
ly below and merging abruptly above with the slender 
style as long or longer than the ovary, locules at first 5 or 
6 but soon confluent to 1 more or less lobed ovarial cavity 
with very numerous ovules on parietal placentae; fruits 
large, globose or oblate, spheroidal, with a thick, wood 
shell composed of radially arranged prisms; seeds oval, 
flattened, testa membranaceous, glabrous; cotyledons 
epigeous in germination. 

Feroniella has leaves much like those of 
Feronia and also similar ovaries, with a single cav- 
ity formed by the early confluence of the original 
five or six locules. It differs from Feronia in having 
the stamens about four times as numerous as the 
petals (instead of twice as many), in having the an- 
thers much shorter than the filaments, in having 
glabrous instead of pilose seeds, and especially in 
having pilose, partly free, appendages at the base 
of the filaments. In this last character it differs from 
all the other genera of the orange subfamily. A key 
to the Feroniella species is presented below. 


KEY TO THE SPECIES OF FERONIELLA 
A Rachis segments and petiole more or less broadly winged (144-14 as wide as the length of the leaflets); leaflets 11- 
15, margins slightly serrulate. ........ Bae tcha tial a eae te aha cern Sa Nh I cpa Ea Gta aki ase at 2) F. pubescens 
AA Rachis segments and petiole narrowly winged (146-40 as wide as the length of the leaflets), or wingless; leaflets 7- 


PG; MATGINS-EMLITeE OF SU CTC TA ACE assoc cores oe ee ee Scien ap as sense ieeda eat siaa.e es cued save eceiesanenatunad dhapavs tas de avdecaneseiewsausteeedeees B 
B Leaflets 7-9; sepals small (1-2 x 0.5 mm); fruit oblate (flattened-globose)................::s:cccsseeceeceeeeeeeeee 1) F. oblata 
BB Leaflets 5-11; sepals large (2-4 x 1-1.5 mm); fruit globose. 2.0.00... cece ceeeeec ee eeeeeeeeeceneeceaceeteeeaeese 3) F. lucida 
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All three species of Feroniella are closely 
related to one another but the genus is not closely 
related to any genus other than Feronia. 


1. Feroniella oblata Swing. Bul. Soc. Bot. 
France 59:779. 1912. Feroniella lucida Guill. (non 
Scheffer), in Lecomte, F]. Gén. Indo-Chine 1:684. 
1911. Illus. Guillaumin, loc. cit. fig. 72 (1-5); 
Swingle, loc. sit. pl. 18; idem, in Bailey, Stand. 
Cycl. Hort. 3:1219, figs. 1493, 1494. 1915. 

Type.—French Indo-China, Cambodia, Province 


of Samrong-Aong (L. Pierre, No. 652). Herb. Mus. Hist. 
Nat., Paris. 


Distribution Cambodia, Laos, South Vietnam, 
eastern Thailand. 

Common name.—Indo-China feroniella. 

This species is a medium-sized spiny tree, 8-20 
m high, native in the eastern part of the Indo-Chinese 
Peninsula; it is characterized mainly by the leaves with 
only 7-9 leaflets, which are oval-elliptic or obovate, 2-3 x 
1-2 cm, rounded at the apex or slightly emarginate, 
bluntly cuneate at the base, and the cylindric, pilose 
petioles, 1-2.5 mm long. The rachis segments are cylindric 
or narrowly winged. The flowers are grayish-white, 1.5- 
2.5 cm diam.; sepals very short, 1-2 x 0.5 mm, very 
pilose, soon falling; petals lanceolate, 1.2-1.8 cm long, 
with very acute cuneate tips; ovary with 5-6 imperfect 
locules soon fusing into a single cavity. The flattened- 
globose fruits, borne in clusters of 3 or 4, are 5.5-6.5 cm 
wide, 4.5 cm high, and have woody shells, 7-8 mm thick, 
composed of tapering prisms 1:5-3 mm diam. with the 
largest end out, and arranged like the stones of a curved 
arch. The center of the fruit is filled with red flesh said 
to be edible. 


This species, rather common in the forests 
of the plains and mountains of Indo-China, makes 
a medium-sized tree, up to 20 meters in height, 
with brilliant, deep green foliage. The fruits look 
like small green oranges. Swingle’s citation of 
Lecomte in the synonymy above and the illustra- 
tions cited for this species appear to be incorrect. 
Guillamin (1911, fig. 72) presents an obvious illus- 
tration of Feronia acids instead of Feroniella 
oblata. Since Swingle’s original notes were not 
available for clarification, the synonymy is re- 
tained intact. Further study will be required to 
ascertain correct synonymy for Feroniella oblata. 

Plants of this species grown in the US. 
Department of Agriculture's greenhouses in the 
Washington, D.C. area were extremely spiny and 
had small leaves, only 6 to 12 cm long, with 
numerous small leaflets and distinctly but nar- 
rowly winged rachis. A young tree of this spe- 
cies was observed growing very vigorously in 
Colonel Robert H. Montgomery’s arboretum at 
Coconut Grove, Florida, in the peculiar sandy- 
loam and porous-limestone soil characteristic of 
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the extreme southeastern section of that state. 
The long, nearly straight side branches were ex- 
tremely spiny. Because of its spiny character, this 
ecies should be tested as a hedge plant. As it is 
clearly related to Feronia, a genus that forces 
premature blooming of Citrus grafted on it, 
Feroniella should also be tested as a stock for 
Citrus. 
2. Feroniella pubescens Tan. Bul. Mus. 
Hist. Nat. Paris, 2 sér. 2:161. 1930. 
Type.—Java (Zollinger, No. 493). Herb. Kew 


(Tanaka ident. No. Q-1197). Paratype: Burma (Wallich, 
No. 6365). Herb. Kew. 

Distribution (fide Tanaka).—Java, Burma, Thai- 
land, South Vietnam. 

Common name.—Velvety feroniella. 

Tanaka’s original description reads as follows (in 
translation): “Feroniella pubescens Tanaka, n.sp. Limonia 
? pubescens, Wall. Cat. no. 6365 nom nud. Twigs spiny, 
spines small, solitary or paired; recurved. Leaves odd- 
pinnate, 5-7-paired, rachis pubescent, more or less widely 
winged, opposite, subsessile, slightly serrulate, 
lateral leaflets oblong, acute or subacute, terminal one 
ovate, acute or acuminate. Inflorescence axillary, icu- 
late, few-flowered. Calyx 5-lobed, lobes somewhat tri- 
angular, pubescent. Petals 5, oblong, acute, puberulous. 
Stamens numerous, much longer than the petals, filaments 
subulate, with a pilose appendage, anthers somewhat 
rounded. Style linear, ouherslous stigma capitate, 5- 
lobed. Immature fruits small, obovate, with 5 locules, 
cortex woody, of homogenous structure.” 

Tanaka made a specimen collected in Java 
by aa a (No. 493, in the Kew Herbarium) the 
type of this species, but he considered Wallich’s 
No. 6365, collected in Burma at Taong-dong in 
1826 and preserved in the Kew Herbarium, as 
a paratype. He provided Swingle with a photo- 
graph of the paratype. Wallich’s specimen was 
studied by J. D. Hooker (1875, p. 507), who found 
only three to five pairs of leaflets (not five to 
seven, as Tanaka stated). The lateral leaflets are 
3.5 to 6 by 0.8 to 12 cm, with the margins sub- 
entire or slightly and irregularly serrulate above 
the middle but entire and cuneate below the 
middle; the rachis segments are 1.2 to 2.5 cm 
long, with rather broad wings, 2 to 4 mm wide. 
This specimen looks like a form of Hesperethusa 
crenulata with the leaflets less crenulate than 
usual. The fruit that Wallich associated with this 
number was suspected by Hooker (1875, vol. 1, 
p. 508) of being “probably that of another plant.” 
Tanaka described an immature, 5-locular, obovate 
fruit with a woody shell, of homogenous texture 
that does not fit well with Feroniella as now 
known. However, he described flowers that have 
many stamens with pilose appendages on the fila- 
ments, such as are known only in Feroniella. 
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Until better material can be studied, the 
true character of this species must remain in 
doubt. 

3. Feroniella lucida (Scheff.) Swing. Bul. 
Bot. Soc. France 59:781. 1912. Feronia lucida 
Scheff. 1870. Illus., Koorders & Valeton, Icon. 
Bogor. 2:190, pl. 149. 1904; fig. 3-58 this work. 

Type.—Java, Rembang Province (Teijsmann). 
at Hort. Bot., Buitenzorg (now Kebun Raya, Bogor, 
Java). 

Distribution.—Central Java; in teak (Tectona 
grandis) forests. 

Common name.—Java feroniella. 

The fullest description yet made of this species is 
that of Koorders and Valeton (1896, p. 251-53); it reads 
in translation as follows: “Twigs slender gray, young tips 
pubescent. Leaves 2-5- (usually 3-4-) paired; rachis 
pupescent, articulate at the nodes, internodes more or 
ess winged above, petioles very short, pubescent. Leaf- 
lets elliptic or obovate, obtuse at the apex, often cuneate 
at base, entire or subcrenulate, margins recurved, shining 
and glabrous above, below opaque pubescent all over or 
only at the veins, pellucid-punctate over the whole sur- 
face, but having a single series of larger glands near the 
margin. Panicles loose, made up of 3-flowered cymes, 
often 2 or 3 grouped in the axils, pubescent, shorter than 
the leaves. Flowers large, hermaphrodite, or staminate b 
abortion of the stigma and ovules (the ovary seems ell 
developed and grows for a time); flower-buds opening 
early with all [flower] parts continuing to grow. Calyx 
lobes linear, pubescent, deciduous; petals acuminate, 
margins reflexed at base, opening erect, then recurving, 
glabrous; stamens 16-25 in mature flowers, exserted; an- 
thers oblong, 4-cornered, cordate at the base, truncate- 
mucronulate at the apex; pollen [grain] round with 3-4 
pores, with granulose exine; ovary globose, glabrous; 
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twig. Center, flowering branch. Right, flower cluster. 
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Fig. 3-58. Feroniella lucida. Left, very spiny young 
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style in perfect flowers elongate, terete, glabrous with an 
exerted persistent fusiform stigma; in the majority of the 
flowers (male?) the style is very short, the stigma de- 
formed or aborted. Fruits with a very thick woody epi- 
carp. Seeds immersed in glutinous pulp arising from the 
placenta and the endocarp; testa thin, woody, with a 
coriaceous tegment. 

“Small or medium-sized trees. Leaves 60-100 
mm long, internodes 10-20 mm; leaflets 22-30 mm long, 
15-22 mm wide; petiolules 1-2 mm. Petals in fully devel- 
oped flowers 12-14 mm; stamens 10-13 mm; disk villose, 
2-5 mm high; anthers 3 mm. Ovary with style 13 mm. 
Fruit 60-70 mm diam.; epicarp 10 mm thick.” 


This species is native in central Java, 
usually growing at less than 400 meters altitude. 
It is a medium-sized tree, 10 to 15 meters (30 to 
49 feet) tall, with a straight trunk 20 to 30 cm in 
diameter. It is common in stands of teak (Tectona 
grandis). It sometimes occurs in situations where 
the soil is periodically very dry, for example, at 
Kedoengdjati in the Semarang area. 

Koorders and Valeton (1896, pp. 251-53) 
first discovered that in this species, as in Feronia 
limonia, a large part of the flowers are male 
through partial abortion of the ovary. Feroniella 
lucida is called kawista krikil by the Javanese, 
who eat the fruit as they do that of the cultivated 
Indian wood apple, Feronia limonia, which is 
called kawista by them. 

The young trees of this species (see ns 
3-58), like those of the Indo-Chinese Feronie 
vblata, have slender, straight branches armed 
with numerous long, slender, sharp thorns fre- 
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quently arising in pairs. It should be tested as 
a hedge plant and as a stock for dwarfing Citrus. 
Experiments made by the U.S. Department of 
Agriculture in greenhouses in the Washington, 
D.C. area have shown that Citrus, although it 
ale very slowly on this rootstock, may be 
orced into early blooming by this stock, as it 
is by the related Indian wood apple, Feronia 
limonia. Feroniella lucida should, like F. oblata, 
grow well in extreme southeastern Florida. 


RETROSPECT AND PROSPECT 


In concluding this discussion of the tax- 
onomy of the orange subfamily, it may not be 
amiss to emphasize the practical as well as the 
scientific importance of the wild relatives of our 
cultivated citrus trees. Probably no other impor- 
tant cultivated crop plants can boast such a sig- 
nificant and varied group of wild relatives. The 
plants allied to Citrus show all degrees of affinity 
with our cultivated oranges, lemons, and grape- 
fruits. Some of them are to be found in the genus 
Citrus; others are in genera closely related to it; 
still others belong to distantly related tribes, 
which may show little superficial resemblance to 
Citrus. 

The Citrus wild relatives exhibit a wide 
range of adaptability to climatic and soil con- 
ditions. Mention of but a few of the more out- 
standing examples should suffice to substantiate 
this statement. Eremocitrus, of semiarid habitat, 
has the ability to grow with little or no organic 
nitrogen in the soil; it also withstands relatively 
high concentrations of salts in the soil moisture. 
Severinia endures percentages of boron in the 
soil solution strong enough to kill Citrus; even 
more striking is the fact that under such condi- 
tions Severinia roots absorb and transmit so little 
boron that they have supported experimentally 
healthy grafts of even the highly sensitive lemon. 
Other wild relatives of Citrus have acquired, 
through long ages of natural selection, high re- 
sistance to the attacks of certain insect pests or 
fungous diseases. A species of Citropsis, native 
to Republic of the Congo, is immune not only to 
the attacks of a beetle whose larvae burrow in the 
collar of Citrus trees, but also to the foot rot 
fungus that is made more destructive to Citrus 
by the injuries caused by the beetle. This Citrop- 
sis (C. gilletiana) has been found to make a good 
rootstock in Repuhlic of the Congo for several 
cultivated species of Citrus, which grow and fruit 
well when grafted on it; however, it cannot be 
grown on any Citrus rootstock in that country. 
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The promising beginning that has been 
made in using these wild relatives, and also hy- 
brids derived from them, as rootstocks for our 
cultivated varieties of Citrus opens up possibili- 
ties in citrus culture well worth the attention of 
citrus experts. To study and test to the best ad- 
vantage these wild relatives of Citrus, it is essen- 
tial to have a thorough knowledge of their taxo- 
nomic relationships as well as of their physiologi- 
cal peculiarities and special adaptations to the 
climatic and soil conditions of their native habi- 
tat. In addition to the species of wild relatives 
and their hybrids that are useful as rootstocks, 
there are others closely enough related to the 
species of Citrus to hybridize with them and 
yield promising new types. 

The hybridization of the wild species of 
True Citrus Fruit Trees with the cultivated forms 
has also opened a new field of research on the 
origin of some of the more puzzling cultivated 
varieties. The Yuzu, a hardy variety widely grown 
in Japan and sparingly in northern China as a 
substitute for the lemon, has been considered 
by some to be a good natural species of Citrus. 
However, it is now found to be a hybrid of a 
recently discovered Chinese species of Citrus 
(C. ichangensis) probably with a sour mandarin 
(C. reticulata var. austera). A hybrid of similar 
parentage made in the United States is astonish- 
ingly like the Yuzu. 

The study of Citrus and its wild relatives 
has already yielded appreciable results and it 
is gratifying to know that botanical exploration 
is very likely to bring to light additional new 
species or even new genera of Citrus relatives. 
The most recent general treatise describing all 
the genera and species in the orange subfamily 
except Citrus was published in 1861 by Daniel 
Oliver, who recognized twelve genera and 
species, some of them doubtful. As late as 1896, 
Adolph Engler recognized and described only 
fourteen genera and estimated the number of 
species at seventy-one. In contrast to this slow 
increase in the number of genera and species 
recognized during the second half of the nine- 
teenth century, a very rapid increase has occurred 
since 1900. The present synopsis recognizes no 
fewer than thirty-three genera and 203 species, 
of which seventeen genera and eighty species 
have been described since 1900, most of them 
since 1910. In addition to these eighty new spe- 
cies, some fifty species named before 1900 but 
not well understood have been studied anew 
and are now accepted as valid. In other words, 
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seventy-five years ago nearly two-thirds of the 
species recognized today were either completely 
unknown or not known adequately. 

Vast areas of the Monsoon region, includ- 
ing the most densely populated part of the dis- 
tribution area of the orange subfamily, are still 
inadequately known. When these regions and 
certain sections of tropical Africa are adequately 
explored by competent botanical collectors we 
may expect new species and even some new 
genera of the orange subfamily to be brought 
to light. 

Doubtless many physiological peculiarities, 
as yet undiscovered, are possessed by certain of 
the wild relatives of Citrus, peculiarities that have 
arisen during the several tens of million of years 
in which these plants have been evolving inde- 
pendently and becoming more and more fully 
adapted to the special environmental conditions 
prevailing in the areas inhabited by the respective 
species. These areas extend from the near-desert 
of east-central Australia through the tropical jun- 

les of the Monsoon region to the semiarid foot- 
hills of Northwest India and West Pakistan; 
reappearing again in Africa, they extend from 
the mountains and plateaus of East Africa to 


421 


the dense jungles of the lower Congo and the 
lands bordering the Gulf of Guinea in West 
Africa. 

In the face of such abundant material, cit- 
rus experts can undoubtedly solve certain impor- 
tant technical problems with greater ease if the 
varied behavior of the numerous near and distant 
Citrus relatives is seen in proper perspective. 

Looking ahead, it is reasonable to expect 
that citrus breeders will use wild relatives of Cit- 
rus, not only as parents for new types of disease- 
resistant or otherwise superior citrus fruits and 
for breeding new hybrid rootstocks adapted to 
special soil conditions or resistant to root diseases, 
but also as research material to aid in the solu- 
tion of many difficult questions in the phylogeny 
of our cultivated species of Citrus. Through ex- 
perimentation and research, taxonomists, floral 
anatomists, cyto-taxonomists, and chemo-taxono- 
mists will develop better explanations concerning 
the nature and relationship of citrus taxa. The 
taxonomic system will be revised and improved. 
The truth will be approached but it will never 
quite be attained because man’s knowledge con- 
cerning living organisms forever remains incom- 
plete. 
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CHAPTER 4 


Horticultural Varieties 


of Citrus 


HORTICULTURAL CLASSIFICATION 


In general appearance and other respects, 
the citrus fruits of principal commercial impor- 
tance fall into four, reasonably-well-defined horti- 
cultural groups: the oranges, the mandarins, the 
pummelos and grapefruits, and the common acid 
members. The common acid group includes three 
subgroups—the citrons, lemons, and limes. While 
the writer's competence does not extend to all 
the citrus fruits that have horticultural impor- 
tance, the considerable number with which he is 
acquainted all exhibit horticultural resemblances 
with one or more of these groups and subgroups 
that suggest some degree of relationship. In most 
instances, it is not difficult to determine the group 
of closest resemblance and probable or possible 
relationship. Therefore, in this treatment, for each 
of the natural groups presented there is a sub- 
section covering fruits of horticultural importance 
that most iesely resemble the group in question. 
In some instances, however, lack of first-hand ac- 
quaintance with a fruit has necessitated provi- 
sional placement. 

In addition to the fruit groups mentioned 
above, all of which belong to the genus Citrus, 
there are the kumquats, which belong to the 
closely related genus Fortunella, and the so-called 
but much more distantly related trifoliate orange, 
Poncirus trifoliata (L.) Raf. The kumquats com- 
pe a group of considerable importance for their 

ruits. The trifoliate orange, together with its 
hybrids, is of significance as a rootstock. 


BY ROBERT WILLARD HODGSON 


The Oranges.—The principal members of 
the orange group are the sweet orange and the 
bitter orange, which though similar in many re- 
spects have important differences (see pp. 489-90). 

Four kinds of sweet oranges are recog- 
nized: 

1. The common orange (blond orange of 
the Mediterranean), which is much the most im- 
portant of the four and contains a large number 
of varieties. 


2. The sugar or acidless orange, which is 
of minor importance and so lacking in acid that 
it is insipid in flavor. 

3. The pigmented or blood orange, which 
is of considerable importance in Europe and in- 
cludes two categories: (a) the light blood oranges; 
and (b) the deep blood oranges. 


4. The navel orange, which is of great 
importance and represented mainly by the Wash- 
ington navel variety. 

The following three kinds of fruit are rec- 
ognized among the bitter or sour oranges proper: 


1. The common bitter or sour orange that 
is used principally as a rootstock and for the 
preparation of marmalade. 

2. The bittersweet orange, the fruit of 
which is similar to the common bitter orange 
but less acid. 

3. The variant bitter oranges, grown pri- 
marily as ornamentals and for the flowers, from 
which neroli oil is extracted. 
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Mediterranean fruits of horticultural im- 
portance that are obviously closely related to the 
bitter orange include: 


1. The myrtle-leaf orange or chinotto, 
grown mostly as an ornamental. 


2. The bergamot, grown primarily for its 
distinctive rind oil that constitutes the base of 
cologne water and has other perfumery uses. 

Oriental fruits that more closely resemble 
the bitter orange than any other include the 
Naruto and Santé of Japan, the Kitchli of India, 
and the Nanshédaidai of Taiwan. 


The Mandarins.—Because of the remark- 
able diversity of the mandarins and the writer's 
lack of first-hand knowledge of many of the 
Oriental members, considerable difficulty was 
experienced in developing a satisfactory horti- 
cultural classification for this group. In this treat- 
ment, therefore, the mandarins are presented in 
the following classes: 

1. The satsuma mandarins (Citrus unshiu 
Marcovitch), which are of great importance in 
Japan and consist of many varieties. 

2. The King mandarins (Citrus nobilis 
Loureiro), which have considerable importance 
in southeast Asia but contain few varieties. 

3. The Mediterranean mandarin (Citrus 
deliciosa Tenore), which is of principal impor- 
tance in the Mediterranean basin. 

4, The common mandarins (Citrus reticu- 
lata Blanco), which have worldwide importance 
and are represented by numerous varieties. 


5. The small-fruited mandarins, which are 
of considerable importance in the Orient and 
consist of many varieties. 

The mandarin-like fruits include the syn- 
thetic tangors; the so-called natural tangor, Tem- 
ple; many of the synthetic tangelos; the so-called 
natural tangelo, Ugli; and the Calamondin and 
Rangpur of the Orient, the latter of which in- 
cludes the varieties Kusaie and Otaheite. 


The Pummelos and Grapefruits—While 
similar in many respects and overlapping in cer- 
tain characters, horticulturally the pummelos and 
grapefruits comprise separate classes, each of 
which consists of both non-pigmented and pig- 
mented varieties. Additionally, the pummelos 
contain both common acid and acidless or sweet 
varieties. 

Fruits that more resemble the grapefruit 
or pummelo than any other include a number 
of the synthetic tangelos; the so-called natural 
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orangelo, Chironja of Puerto Rico; the Poorman, 
Smooth Seville, and Wheeny grapefruit of Aus- 
tralia; and the Natsudaidai, Hassaku, Banokan, 
Hyuganatsu, Kinkdji, and Kinukawa of Japanyand 
the Attani of India. 

The Citrons.—The citrons, like the other 
members of the common acid group, fall into 
two classes—the acid and the sweet—each of 
which contains several varieties. 

Fruits more resembling the citron than any 
other include the so-called Cuban shaddock and 
Ponderosa lemon, the lumias of the Mediterra- 
nean, and the giant-fruited citrons of India. 

The Lemons.—The lemons, like the cit- 
rons, consist of the common or acid varieties, 
which are numerous and important, and the 
comparatively few and minor sweet or acidless 
varieties. 

Of the fruits that most closely resemble 
the lemons, those of principal horticultural im- 
portance are the limettas of the Mediterranean, 
the jamberi or rough lemon, the galgal and karna 
of India, and the so-called Meyer lemon of 
China. 





Fig. 4-1. Fruit forms in citrus: 1, globose (spheroid); 
2, oblate; 3, ellipsoid; 4, oblique; 5, ovoid; 6, obovoid; 7, 
pyriform; 8, collared; 9, necked. 


HORTICULTURAL VARIETIES 


The Limes.—Like the citrons and lemons, 
the limes include both acid and sweet varieties, 
but in addition the sour limes consist of two 
kinds—the small-fruited Indian, West Indian, or 
Mexican lime and the large-fruited Tahiti or Per- 
sian lime, both of which have very few varieties. 

The lime-like fruits of principal horticul- 
tural importance include the synthetic lemonime, 
Perrine; several so-called lemons in India that 
appear to be natural lemonimes; and the bige- 
neric limequats (lime  kumquat), of which 
there are a few lime-like varieties. 

The Kumquats.—The principal fruits of 
horticultural importance or interest of the genus 
Fortunella are several kinds or varieties of the 
kumquat, the bigeneric, so-called orangequat, and 
the trigeneric citrangequats, of which there are 
a few varieties. 

The Trifoliate Orange.—Of the genus 
Poncirus, the trifoliate orange and some of its 
bigeneric hybrids—notably the citranges—are im- 
portant primarily for their value as rootstocks. 
A few of the citranges also approach edibility. 


THE NATURE AND CONSTANCY OF 
CHARACTERS IN CITRUS 


Fruit and Tree Characters 


In addition to the common characters pos- 
sessed by other fruits, such as size, shape, color, 
form of the basal (stem) and apical (stylar) ends, 
flavor, and general seed features, the citrus fruits 
exhibit certain characters associated with: (1) the 
anatomy of the distinctive hesperidium fruit; (2) 
their degree of parthenocarpy; and (3) their de- 
gree of polyembryony. Among the distinctive 
anatomical characters are those relating to the 
rind (flavedo and albedo) and inclusions (oil 
glands), the endocarp (fruit segments and juice 
vesicles), the central column or axis, and special 
structures that are or may be present in the apex 
(areole, mammilla, navel). Seedlessness charac- 
terizes certain groups and varieties and mono- 
embryony is exhibited by some. 

External Fruit Characters.—Citrus fruits 
range in size from very small to very large. 
Among the smallest are the kumquats, Calamon- 
din, and some of the acid limes, the greatest 
dimension of which may scarcely exceed an inch 
and a quarter (3 cm). At the other extreme are 
the pummelo and citron which may attain a foot 
(30 cm) or more in diameter or length. While the 
largest of the citrus fruits are pummelos, the 
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heaviest are citrons because of their much greater 
rind density. Some citrons attain weights of 10 to 
12 pounds (approximately 4,500 to 5,550 grams). 
Considering the citrus fruit groups as a whole, 
generally the oranges are medium-small to me- 
dium in size, the mandarins small to medium, 
the grapefruits medium-large to large, the lemons 
medium-small, the acid limes very small to small, 
the pummelos large to very large, and the citrons 
medium-large to very large. The size range within 
each fruit group is variable, however, and is 
greatest in the mandarins, pummelos, limes, and 
oranges, each of which has varieties of smaller 
or larger size than the group average. These are 
referred to as small-fruited or large-fruited varie- 
ties of each group. 

The shapes exhibited by the citrus fruits 
(fig. 4-1) range from round through subglobose 
and oblate to obovoid on one extreme and from 
broadly pyriform to ovoid, oblong, elliptical, and 
cylindrical on the other. In general, the oranges 
are round or slight modifications thereof, the 
mandarins oblate, the grapefruits and pummelos 
subglobose, the lemons elliptical, and the limes 
oval. The citrons are highly variable but mostly 
cylindrical, and some of the pummelos are pyri- 
form. 

Superimposed on the general shape, and 
in some cases contributing thereto, are the basal 
and apical characters that may be present. These 
characters may be rounded, flattened, or de- 
pressed in form, the latter form giving rise to 
a basin. Likewise, they may be furrowed or 
ribbed. Other basal characters that may occur 
include a neck, shoulder, or collar. Other apical 
characters include the areole (see p. 437), which 
may be so indistinct that it is not evident, a 
nipple (mammilla), or a navel. The neck charac- 
ter seems to occur oftenest in the lemons and 
mandarins and the navel most often in the or- 
anges and mandarins. The mammilla appears to 
be confined largely to the limes, lemons, and 
citrons. In a few fruits, notably some of the 
citrons and the ‘bergamot, a certain percentage 
of the fruits retain the style. 

The smoothness of the rind surface, which 
is highly variable, is in part determined by the 
size and position of the oil glands in the flavedo, 
which may give rise to small papillae or pits. 
In addition, the rind may be rough, wrinkled, 
bumpy, or ribbed. Most of the citrons exhibit 
the bumpy rind character, and many lemons are 
more or less ribbed. 

The primary color of the citrus fruits ranges 
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from pale yellow to orange-red. The limes, lem- 
ons, citrons, grapefruits, and pummelos exhibit 
varying shades of the former and the oranges 
and mandarins of the latter. Superimposed on 
the primary color are various shades of pink or 
red exhibited by the pigmented grapefruits and 
pummelos and the blood oranges. 

Internal Fruit Characters.—For the most 
part, the internal characters of the citrus fruits 
are related to the distinctive structure of the 
hesperidium and concerned with the rind, fruit 
segments and inclusions, the central axis or 
medulla, and the seeds. 

For the citrus fruit groups as a whole, 
the range in both thickness and consistency of 
the rind is very great—from the extremely thick 
rind of some of the pummelos and the citrons to 
the very thin peel of the Indian acid lime, and 
from the soft, spongy nature of the albedo of 
the pummelo to the hard, dense fleshiness of the 
albedo of the citrons. The range within each fruit 
group is also variable, giving rise to both thin- 
skinned and thick-rinded varieties. The greatest 
range in rind thickness is exhibited by the pum- 
melos, citrons, and mandarins. Likewise, the 
range in degree of adherence of the rind to 
the fruit segments is very great—from the cit- 
rons, in which it cannot be separated by peeling, 
to the mandarins, in some of which it is almost 
completely loose at full maturity. 

Characters relating to the oil glands (in 
the flavedo) and their contents are also highly 
variable and appear to be distinctive for many 
of the citrus fruits. These include the number, 
shape, size, arrangement, and position of the oil 
glands, and the kind, amount, and aroma of the 
oils. Some of the aromas may be quite distinc- 
tive—fragrant as in the lemon or pungent as in 
the bitter orange. 

Among the principal characters of the edi- 
ble portion of the fruit or pulp are the number 
of segments and the degree of their adherence 
to each other, the texture of the carpellary mem- 
branes, the form, size, and texture of the juice 
sacs or vesicles, and the color, amount, and flavor 
of the juice. The number of segments averages 
highest in the pummelos, grapefruits, and cit- 
rons, and lowest in the kumquats, Calamondin, 
and acid limes. The number of segments in the 
other fruits is intermediate. Their attachment to 
each other is tightest in the citrons and loosest 
in the mandarins. The juice vesicles vary greatly 
in size and form, somewhat in texture, and are 
distinctive for many of the citrus fruits. In gen- 
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eral, juice color corresponds somewhat with rind 
color, the range extending from pale green in 
the acid limes to deep orange in some of the 
oranges and mandarins. Juice color is light to 
deep pink in the pigmented grapefruits and 
‘Saas and may be dark red in the deep 

lood oranges. The flavor of the juice varies 
greatly, depending principally on the total solu- 
ble solids content, the sugar-acid ratio, and the 
nature and content of essential oils. Flavor ranges 
from insipid or flat to sweet, rich, or sour. In some 
fruits, there is a characteristic mild to strong 
bitter aftertaste. A pleasant aroma characterizes 
the juice of some of the mandarins and oranges. 

The size and solidity of the central column 
(columella or core) varies greatly at maturity and 
may be somewhat ae by climate and other 
factors. In most of the citrons and pummelos, 
it is very large, while in the acid limes it is quite 
small. In some fruits, such as the acid limes and 
citrons, the column retains its solidity as the fruit 
develops, whereas in the mandarins it breaks 
down early and at maturity all that remains are 
the vascular bundles which traverse it. It may 
therefore be solid (closed), semi-solid, or hollow 
(open). One of the distinctive differences be- 
tween sweet and bitter oranges consists in the 
much greater degree of openness of core exhib- 
ited by the latter. ; 

The seed content of citrus fruits is highly 
variable and for some groups and varieties con- 
stitutes a distinctive character, although it may 
also be affected by climate and other factors. 
Thus, the navel oranges, satsuma mandarins, and 
a few other varieties are usually seedless, since 
they rarely produce viable ovules and pollen. 
Even though viable pollen is produced in abun- 
dance, many of the principal varieties regularly 
produce few or no viable ovules and hence are 
commercially seedless (none to ten seeds). When 
self-pollinated, some varieties are nearly seed- 
less, whereas they are seedy when cross-polli- 
nated. In the seedy varieties, the number of seeds 
may range from one to four or more per fruit 
segment. 

The seeds are highly distinctive for the 
different citrus fruits and vary greatly in size, 
shape, surface texture, and somewhat in color. 
Internal characters include color of the inner 
seed coat, the chalazal spot and cotyledons, and 
the degree of polyembryony. The pummelos and 
citrons are regularly monoembryonic, whereas 
the grapefruits, Indian acid lime, and many of 

(Text resumes on page 436) 
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FRUIT DESCRIPTION OUTLINE FOR CITRUS! 


OOOO SOOO SOS OOo SEH SES SOEHESEDS OSES SET ES ESOS SOOSOS SESSA SHOT SSE SES HSSSSEEHRET HET AOE EOTE EEE SS EE SEOS PESOS E SOOKE SEE SEO EEL ESTEE AE OSEEE HES EESH SESE SES ESE SSS SESS SSESSESSESETESESESHEEE HHS EDSOESOHES SEER EEEZOCE 


External Fruit Characters 
Color.—Green, light green, cream, light yellow, yellow, light orange, deep orange, reddish; uniform, flushed on side, 
Striped. (Color Dy Pid ew ay seis oie soins sciatic aes sca aca lidcaeece ata os aia es esetnue ees eauaeas ) 
Surface.—Very smooth, smooth, finely papillate, papillate, coarsely papillate, finely pitted, pitted, coarsely pitted; 
glossy, dull; waxy (bloom), hairy; ribbed, shed ni ose, wrinkled, bumpy. Ribs and furrows none, few, many; 


shallow, deep; aaa inconspicuous; color of ribs or fUrrow6s.................:cesccsssecssssecceceeescsssseasssesssssesecessesnscseaeeeese 
Shape.—Oblate, globose, ellipsoid, ovoid, obovoid, pyriform; symmetrical, oblique. 
Size.—Large, medium, small; diameter.......................... mm; height.................. mm.; D/H index (diameter divided by 


TRG Liat) |: A VOK ACs 5 ea aie ahs ese a Sad tae ood ces daseg ss saa sue caas save eas dese tats ceseyceacene ane tncetescteccsearataiians 

Base.—Long-necked, short-necked, rounded, truncate, shouldered, low-collared, high-collared. Basal area (inside of 
collar or shoulder) broad, medium, narrow, average diametet.........................- mm; protruded, depressed, strongly 
depressed; smooth, rugose, ribbed, furrowed; ribs or furrows extending to or through the collar. 

Calyx.—Even or depressed ; large, medium, small; regularly or irregularly divided; divisions long or short; sharp- 
pointed or blunt; thin, medium, or thick (fleshy); tips persistent or drying out. 

Stem.—Large, medium, small. 

Apex.—Prominently nippled, nippled, slightly nippled; acute, obtuse, rounded, truncate, depressed, deeply de- 


pressed. 

Navel.—Present or absent; percentage navel........................:000+ ; with flesh, or rudimentary with oil cells only; large, 
medium, small; closed, percentage....................+++ ; Open, percentage.................cceesee ; even, protruding, markedly 
protruding. , 

Areole.—Prominent, inconspicuous, or absent; a circular furrow, ridge or ae pees regular or irregular. Areolar 
area broad, medium, narrow, average diameter......................+-. mm; protru 


ed into nipple, an elevated disk, even 
depressed, or strongly depressed; surface very smooth, smooth, papillate, slightly wrinkled, rugose, radially fur- 


rowed or ribbed; oil = absent, inconspicuous, prominent. 


Stylar Scar.—Disrupted by navel, present; small, medium, large; diameter......................... -mm; protruded, even, de- 
ant in small apical pit. Style persistent, partially persistent, length...................... mm; fresh, partially dry, dry. 
Internal Fruit Characters (taken mainly from median cross-sections of fruits) 
Rind: 
Thickness.—Very thin, thin, medium, thick, very thick. Average in median cross-section......................+. mm. 


Firmness.—Firm, leathery, soft, very soft. 
Adherence.—Slight, medium, strong; puffing none, slight, much. 
Oil Glands: 


Number.—Few, medium, many; inconspicuous, conspicuous, very conspicuous; number per one-fourth square 


Primary glands.—Shape (vertical to surface) strongly compressed, oblate, globose, ovoid, obovoid, ellipsoid, ob- 
long, pyriform, necked; size large, medium, small; average diameter parallel to surface..................... mm; sur- 
face h eheeniie even, convex; contour between primary glands even, rounded, wrinkled, rough. 
Secondary glands.—Shape (vertical to surface) oblate, alias: ovoid, obovoid, ellipsoid, ablong: pyriform, 
necked; size large, medium, small; surface depressed, even, convex. 
Tertiary glands.—Same as secondary glands (see above). 
saa th rie, abundant; aroma weak, mild or medium, strong; pleasant, unpleasant, distinctive, indistictive, 
PNGONMILE, MIKO sso cos os cocci dec cscs eas cases suneceeeodeeeevaneeeicaxs 
Glandular Layer.—Thick, medium, thin; percentage thickness of rind....................00000 ; tissue of glandular layer oil- 
stained ; color ivory white, light cream, cream, Tight yellow, yellow, orange, pink, red, OF................----ssececeeceseseeees 
Mesocarp (albedo).—Thin, medium, thick; color white, ivory white, cream, light yellow, yellow, light orange, pink 
POO, OF vessccseesitee vvedenseasesesrceees ; vascular bundles prominent, inconspicuous; texture soft, medium, hard. 


Shape.—In median cross-section round, rectangular, irregular; size small, medium, large; average mid diameter 
eer ere eee. mm; average basal diameter....................mm}; average apical diameter......................mm; solid, 
semi-hollow, hollow. 

Segments.—Number range.................. , AVETAPE......... sesso ; adherence slight, strong; rag from rind little, medium, 
much; septa thin, thick, tough, tender; dorsal contour convex, truncate, slightly concave (retuse), concave, 
strongly concave. 


p: 

Color.—Uniform, streaked; yellow, orange, buff, pink, red; light, deep. (Color by Ridgway..................:::.cccsss00 ) 
Texture.—Fine, medium, coarse; tender, firm, tough. 

Vesicles.—Small, medium, large; shape slender, medium, stout. 


1 In the preparation of this description outline, Webber copied freely from blanks prepared and used by H. B 
Frost and the late E. R. Parker of the University of California Citrus Research Center, Riverside, and by the late A. D. 
Shamel of the U.S. Department of Agriculture. 
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Juice: 


Amount.—Very juicy, juicy, dryish, dry; percentage 
Sugar.—Little, medium, much; solids, percentage.... 
Acid.—Little, medium, much; percentage.................. 
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seus ; bitterness slight, medium, much. 


Aroma.—Weak, medium, strong; attractive, fair, unpleasant. 


Flavor.—Excellent, good, fair, poor, unpleasant. 
Waste.—From strained fruit little, medium, much. 
Seeds: 


Number.—None, few, many; average per fruit.......... 


iadinedti ett: ; imperfect seeds few, many. 


Size.—Small, medium, large; slender, medium, eae average length................ mm; average width................ mm. 
Shape.—Fusiform, clavate, cuniform, ovate, D-shaped, globose, lenticular, angular, flat. 
Surface.—Smooth, rough; at: y veined, weakly veined, wrinkled. 


Color.—White, cream, yellowish, green, brown. 
Cotyledons.—White, light green, poe 
Inner seed coat.—White, ivory w 


cholocate, reddish, purple. (Color by Ridgway.... 


ite, cream, light yellow, yellow-tawny, cinnamon, light brown, dark brown, 


ji betes sece eee TE Peatayestoee tee recct Peanut tien cdecdnirte oh ncerseuce au Seznauiees ) 


Chalazal spot.—Same as under inner seed coat (see above). 


Miscellaneous 
Season.—Very early, early, midseason, late, very late. 
Shipping Quality—Good, medium, poor. 


Rank of All Characters Considered.—Excellent, good, medium, poor, very poor. 
Most Important Use.—Home, shipping; dessert, juice, culinary; plain, diluted, sugared. 
Tree, Foliage, and Flowers.—In describing these characters, use ordinary botanical terms and methods of descrip- 


tion. 


the mandarins are highly polyembryonic. The 
oranges and lemons are usually intermediate. 

Tree Characters.—Normal season of matu- 
rity is a varietal character of great importance 
that is determined by the interaction of the envi- 
ronment and the total heat requirement of the 
tree. While, as might be expected, the citrus fruits 
as a whole are characterized by a wide range 
in heat requirement for fruit maturity, some of 
them—notably the mandarins and sweet oranges 
—exhibit surprisingly large differences in varietal 
heat requirement. As a consequence, there are 
very early, early, midseason, and late-maturing 
varieties for both of these fruits, extending over 
a maturity period of several months. Of impor- 
tance in this connection is still another varietal 
character determined by the tree: the ability to 
hold or store the fruit for a lengthy period with- 
out appreciable impairment in quality or loss 
from dropping. The Valencia orange variety is 
outstanding in this regard. 

The range of variation in tree growth 
habit exhibited by the citrus fruits as a whole 
is very wide—from the straggly, shrub-like citron 
to the large, highly symmetrical trees of most 
of the sweet oranges and grapefruits and some of 
the mandarins. Within each fruit group, how- 
ever, the range of growth habit is highly variable. 
The grapefruits and sweet oranges show the 
narrowest range and the mandarins the widest. 
Certain varietal groups, such as the satsuma 
mandarins and navel oranges, are characterized 
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by growth habits so distinctive that they are 
useful in identification. This is true also of cer- 
tain groups of lemon varieties, with particular 
reference to vigor, density of foliage, and degree 
of thorniness. In addition, some varieties of or- 
anges and mandarins have leaves of distinctive 
size, form, color, or other features. 

Descriptive Terms, Definitions, and Forms. 
Because it remains the best presentation avail- 
able in English and may therefore be of value to 
teachers, students, and technicians, Webber’s 
(1943) outline for the description of citrus fruits 
is reproduced above. 

The foregoing outline is designed for use 
as a printed blank. Under each heading the most 
common descriptive terms are given so that in 
describing a fruit sample the terms applying can 
be checked. If the fruit varies in a certain charac- 
ter, the two or more descriptive terms applicable 
should be checked. The outline is clear in most 
details, but a few characters may require explana- 
tion. Definitions of most of the terms used may 
be found in botanical glossaries and dictionaries. 

Color should be carefully compared when 
possible with some standard color charts, such 
as those of Ridgway (1912). 

The D/H index given under size is ob- 
tained by dividing the diameter of a fruit by its 
height (distance from stem to apex). The average 
D/H is obtained by totaling the indices of all 
the individual fruits measured and dividing by 
the number of fruits. 
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Fig. 4-2. Diagrammatic definition of terms used in de- 
scribing the base of citrus fruits: A, long necked; B, short 
necked; C, evenly rounded; D, flat or truncate; E, moder- 
ately depressed; F, deeply depressed; G, low collared and 
depressed; H, high collared and depressed; I, low collared 
and short necked. (From Webber, 1943) 


The descriptive terms applied to the base 
of citrus fruits will be readily understood by an 
examination of figure 4-2. 

The areole is the area at the apex of the 
fruit which is usually set off by a more or less 
distinct circular furrow surrounding the stylar 
scar. In descriptions, the circular furrow is re- 
ferred to as the areole and the area within it 
as the areolar area. 

The inner seed coat is the membranous 
covering under the thick, leathery exterior coat. 
The chalazal spot is the round area on the inner 
seed coat at the chalazal end of the seed, which 
commonly is characteristically colored. 

The work of Chapot (19552) in the descrip- 
tive pomology of the citrus fruits is outstanding. 
His monograph on seed characters in Cifrus 
(Chapot and Praloran, 1955) is a contribution of 
great importance and significance, as are also his 
numerous other papers. 


Constancy of Characters 


While the botanical characters relating to 
the leaves, flowers, fruits, and seeds are suffi- 
ciently distinctive and constant to permit rela- 
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tively easy determination of species, botanical 
varieties, and certain subspecies groups, these 
characters nevertheless exhibit a considerable de- 
gree of variability. Horticultural characters of 
both tree and fruit, by means of which varietal 
identification can be made, are extremely vari- 
able, however, and many of them are highly lack- 
ing in constancy. This results in numerous citrus 
fruit varieties which are distinguishable with dif- 
ficulty, if at all. 

Since constancy of citrus characters varies 
greatly, descriptions overlap slightly and identi- 
fication may be somewhat blurred. Such tree char- 
acters as distinctive growth habit, comparative 
season of fruit maturity, and ability to store the 
fruit on the tree are relatively stable and constant 
in a subtropical climate. As would be expected, the 
most constant fruit characters are those related to 
the special anatomical features of the fruit: the 
presence or absence and nature of the areole, 
mammilla, or navel. Degree of seediness and com- 
parative acidity of the juice are variable, of course, 
but still reasonably constant. Comparative size and 
form of the fruit, comparative color, and thickness 
and adherence of the rind, while highly variable 
among varieties, exhibit a reasonable degree of 
constancy within a variety and hence are useful. 

Some citrus tree characters and most fruit 
characters are markedly affected by environmen- 
tal influences. Indeed, these are of very great 
importance, for they largely determine the dis- 
tinctive characteristics of the fruit upon which 
market reputation and consumer preference are 
based. The principal environmental influences 
undoubtedly are climate and rootstock. Soil type 
and cultural practices may also affect fruit char- 
acteristics, although usually to a minor degree. 

Climatic Effects—Among tree characters, 
period of fruit maturity is undoubtedly of great- 
est importance and is determined by the nature 
of the climate. Thus, the Valencia orange is horti- 
culturally mature by January in the very hot, 
dry, low-elevation desert of southern California, 
but does not attain maturity until the following 
June in the cool, mild, equable coastal valley re- 
gions. Ability of trees to hold their fruit is also 
affected by the nature of the climate during and 
after maturity; this character is minimized by 
warm night conditions after maturity. Even cer- 
tain aspects of tree growth habit—compactness 
of tree and density of foliage—are influenced by 
climate; these tendencies are accentuated in drv 
and very cool climates. 

The effects of climate factors on fruit char- 
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acters are much more striking, however, and are 
sometimes remarkable. 

While there are numerous factors that 
may affect fruit size, climatic conditions charac- 
terized by high heat and humidity during the 
growing season make for large fruit. Thus, the 
large-fruited Washington navel orange, which 
attains ideal size in California, reaches undesira- 
bly large size in the humid, semitropical climates 
which characterize Brazil and Florida. In con- 
trast, the small-fruited Hamlin orange never at- 
tains a commercially acceptable size in the arid, 
cooler subtropical climate of the southern Cali- 
fornia coastal region but does become sufficiently 
large in Florida and Brazil. In this general con- 
nection, it may be pointed out that the “small 
fruit” problem is restricted to medium-sized vari- 
eties in arid regions and in seasons of marginal 
or below average heat, whereas the “large fruit” 
problem is confined to large-fruited varieties in 
regions or in seasons of above-average heat or 
humidity. 

Fruit form may be profoundly modified 
by climatic factors. In general, the axis is longer 
in regions of low atmospheric humidity, and 
vice versa. Thus, an oval variety, such as Sha- 
mouti orange, may range from short-oblong (al- 
most round) to long-elliptic depending on climate. 
Likewise, the average shape, within any given 
round variety of orange, may range from sub- 
globose to oblong, with accompanying differences 
in diameter-height (D/H) index from well above 
1 to considerably below that value. The factors 
which function to increase length of the fruit 
also appear to favor or accentuate the tendency 
to develop a neck in the mandarins and a pyri- 
form shape in the grapefruits. Therefore, the same 
variety may exhibit significantly different fruit 
forms in regions of different climatic conditions. 

It has long been recognized that color is 
markedly affected by the temperature regime 
during the ripening period and thereafter. Maxi- 
mum color intensity develops when the fruit is 
subjected to considerable chilling—normally the 
result of cold nights. In arid, subtropical climates, 
this is assured by the prevalent cool nights (asso- 
ciated with the wide diurnal fluctuations in tem- 
perature) which characterize the fall and winter 
months. Primarily because of warmer nights (as- 
sociated with small diurnal temperature varia- 
tions), color development in semitropical climates 
is much slower and the intensity ultimately at- 
tained considerably lower, with the possible 
exception of some of the mandarins, notably 
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Dancy tangerine. 

Other fruit characters materially affected 
by atmospheric humidity during the growing sea- 
son include rind surface, thickness, texture and 
adherence, texture of the flesh (juice vesicles and 
carpellary membranes), and juice content. Thus, 
in semitropical regions such as Florida, the rind 
is smoother, thinner, softer, and more tightly 
adherent, the flesh and carpellary membranes are 
tenderer, and the juice content is higher than 
in such subtropical regions as California. 

Flavor is markedly influenced by the same 
conditions that are primarily responsible for the 
tensity of color development, namely, degree 
of fluctuation between day and night tempera- 
ture. Wide diurnal fluctuation appears to pro- 
mote sugar accumulation and acid formation, and 
vice versa. In general, therefore, the fruit grown 
in arid subtropical climates is more strongly and 
richly flavored than that produced in semitropical 
or tropical climates. Fruits or varieties that are 
characterized by relatively high acidity, how- 
ever, such as the kumquats and some of the man- 
darins (for example, King and Kara) and their 
hybrids (for example, Temple tangor and Min- 
neola and Seminole tangelos) are more pleasantly 
flavored in semitropical or tropical climates, and 
vice versa. The same seems to be true with re- 
spect to the bitterness that characterizes most 
of the grapefruits and some of their hybrids (nota- 
bly Sampson tangelo). Since individual tastes 
differ so greatly, it is meaningless to argue as 
to the superiority or inferiority of one over the 
other. The important fact is that they exhibit 
distinctive differences. 

Likewise, the characteristics of the areole, 
mammilla, and navel are subject to climatic modi- 


‘fication. In general, these modifications are more 


pronounced and prominent in arid than in humid 
climates. In the hot semitropics, the areolar fur- 
row, which may be prominent in the arid sub- 
tropics, is usually absent and the nipple much 
less well developed or even suppressed to the 
degree that it is scarcely discernible, if at all. 
In subtropical regions, it has long been recog- 
nized that the size and prominence of the navel 
in the navel oranges varies considerably among 
climatic zones, from season to season, and even 
between the exterior and interior parts of the 
tree. 

A most remarkable illustration of the in- 
teractions between climatic factors and fruit 
characteristics is afforded by the Nagpur man- 
darin in central India, where climatic conditions 
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induce the production of several periods of bloom 
per year and, thus, provide a choice of the 
bloom to be employed—spring or fall. Many of 
the growers use the spring bloom for part of the 
orchard and the fall bloom for the remainder. 
The characteristics of the fruit in the two crops 
are remarkably different. The spring-bloom fruit 
is larger, flatter in form, paler in color, and nota- 
bly less acid. Its sugar-acid ratio averages ap- 
proximately double that of the fall-bloom fruit. 
Bonavia (1888-90) has described numerous other 
more striking illustrations in India, where there 
is doubtless a wider range of citrus species and 
forms and of climatic conditions than exists 
elsewhere. 

Another less spectacular illustration is ex- 
hibited by the lemon, most varieties of which 
have two principal or of bloom—spring and 
late summer or early fall—but are more or less 
everflowering and everbearing. In Italy, the crops 
resulting from the flowers produced at various 
times during the year have been named and 
accurately described (Casella, 1935b). There are 
clearly greater differences between some of them, 
notably Primofiori (spring) and Verdelli (sum- 
mer) than between many lemon varieties. 

Rootstock Effects.— Although rootstocks 
may effect growth habit to some degree, their 
principal effects on tree characters are concerned 
with period of fruit maturity and ability of the 
tree to hold or store the fruit. On certain root- 
stocks, notably the rough lemon and Indian or 
Palestine sweet lime, the acidity attained by most 
citrus fruits is significantly reduced as compared 
to such common rootstocks as sour or sweet 
orange. As a consequence, on these rootstocks 
maturity is advanced as judged by taste or 
measured by the sugar-acid ratio. The flavor is 
not rich, however, for the total soluble solids 
content of the juice is likewise usually low. On 
certain other rootstocks, notably trifoliate or- 
ange, the soluble solids are significantly increased, 
with the result that although a corresponding 
sugar-acid ratio is attained at approximately the 
same period the fruit has a richer flavor. Earli- 
ness of commercial maturity, as measured by 
either the sugar-acid ratio or acid content of the 
juice, may therefore be markedly affected by the 
rootstock employed. Closely associated with these 
effects is the ability of trees to hold or store the 
fruit. The rough lemon as a rootstock causes 
the fruit to lose quality—both juice content and 
flavor—and to drop earlier than normal, whereas 
the bitter orange as a rootstock seems to prolong 
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the period of satisfactory storage on the trees. 

The principal fruit characters that may be 
affected by rootstocks include size, color, rind 
thickness, juice content, and flavor. Thus, orange 
size is usually somewhat larger on the trifoliate 
and bitter orange rootstocks and smaller on sweet 
orange. Color is sometimes paler on the rough 
lemon and Palestine sweet lime rootstocks and 
the thickness of rind is generally greater, with a 
corresponding reduction in juice content. And, 
as brought out above, flavor is richer on certain 
rootstocks than on others. With the exception of 
flavor, however, rootstock effects on fruit charac- 
ters are usually less marked than those caused by 
climatic factors. 

Soil Influences.—That the soil may affect 
tree characters and fruit characteristics is a be- 
lief of long standing that finds support in observa- 
tional evidence. It appears that average fruit size 
is larger and maturity is slightly earlier on the 
lighter-textured soils, but that the color is likely 
to be paler, the rind thicker, and the flavor poorer. 
And it is generally agreed that the fruit holds on 
the trees better on the finer-textured soils. 

Soil differences are usually small, how- 
ever, unless accentuated by rootstock effects. 
Thus, the undesirable influences of the rough 
lemon rootstock are increased by sandy soils and 
reduced slightly by silty soils. 

Limitations of Descriptive Pomology. 
From the foregoing, it is clear that the horticul- 
tural characters concerned in the identification 
and description of citrus fruit varieties are so 
variable and subject to such profound environ- 
mental modification that the problems presented 
are difficult indeed. Thus, on the basis of fruit 
characters alone it is impossible to identify many 
varieties. And it is difficult or impossible to accu- 
rately identify numerous varieties on the basis of 
both tree and fruit characters. It is highly prob- 
able that there are far fewer varieties than the 
lists available indicate. This is further suggested 
by the absence of comprehensive and depend- 
able varietal keys for those countries and regions 
where citriculture has been practiced longest and 
where varieties are most numerous. 

With regard to varietal description, even 
though the sampling provides representative 
materials, it is obvious that detailed and exact 
descriptions are accurate and meaningful only 
for a given environment or similar conditions of 
climate and rootstock. Thus, descriptions of the 
same varieties in different countries or states 
often fail to correspond in important respects. 
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Perhaps the best illustration is afforded by the 
differences between Florida and California varie- 
ties. Detailed descriptions of Florida varieties 
grown in California are far from accurate for 
Florida conditions, and vice versa. 


VARIETAL DEFINITIONS AND MODES 
OF ORIGIN 


Irrespective of mode of origin and method 
of reproduction or multiplication, a horticultural 
variety (cultivar) consists of a named or other- 
wise designated group of plants representing one 
of the many genetically different kinds of any 
given cultivated plant species or botanical variety 
(Frost, 1943, p. 837). In citrus, as with most other 
fruits, a horticultural variety traces back to a 
single parent tree or individual mutant branch 
which has been multiplied by vegetative or asex- 
ual means, such as cuttage or graftage. To pro- 
vide a more precise name for a group of such 
plants, Webber (1903) introduced the term clone. 
Citrus varieties or cultivars are therefore clonal 
varieties. 

Complicating the situation to some de- 
gree is the fact that in most citrus varieties the 
existence of the phenomenon of polyembryony 
makes available apomictic seedlings of nucellar 
origin. These are genetically identical with the 
seed parent, but may exhibit physiological dif- 
ferences of some magnitude and duration that 
mS arhaaled relate to age from seed propagation 
and diminish with time until they ultimately dis- 
appear. These probably should be regarded as 
juvenile characters. Because of these differences, 
it has become desirable to distinguish between 
the parent, original, or “mother” ‘onal selection 
or budline and the nucellar or “daughter” clonal 
line of the same variety. For various reasons, in 
California and increasingly so elsewhere in the 
United States, nucellar or young clonal budlines 
or selections are rapidly displacing parent or 
old clonal budlines, and this trend seems certain 
to extend to other countries. 

Another complicating factor is the exist- 
ence within certain varieties, notably among lem- 
ons in California, of slight but consistent varia- 
tions that can be detected with certainty only 
by growing considerable numbers of trees of 
different progenies in close proximity. These dif- 
ferences are evident mainly in comparative habit 
of growth, vigor, density of foliage, and some- 
times in fruitfulness. Presumably, such variations 
have arisen as seedlings or undetected budsports, 
principally the latter, and have unintentionally 
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been propagated. Since the differences are small 
and detectable with difficulty, they have com- 
monly been referred to as strains. While this type 
of delineation is well established in California, 
and to some extent elsewhere, and may appear 
to have certain advantages, it is technically in- 
correct according to the International Code of 
Nomenclature for Cultivated Plants (Anonymous, 
1961, p. 13). So-called strains which exhibit de- 
sirable characteristics and are considered worthy 
of distribution therefore should be given varietal 
designations irrespective of origin or degree of 
resemblance to already named varieties. 

The selection and naming of outstanding 
old bearing trees as sources of propagation mate- 
rials is currently widespread in California and 
to some extent elsewhere, having been greatly 
stimulated by the extensive studies initiated about 
1909 by Shamel (1943) and his associates. Un- 
fortunately, these old bearing selections have 
commonly been incorrectly referred to as strains 
instead of clonal selections or budlines.. Almost 
without exception they have been found to be 
identical with the variety in question. Whatever 
differences in behavior they may have exhibited, 
if any, are attributable to the nature and degree 
of virus or other infections they carry. There have 
been a few such selections, however, that appar- 
ently are different and represent iniietected ud 
variations in the parent tree or an error in its 
bud parentage. These are in reality new or dif- 
ferent clonal varieties. 

In common with other fruits, citrus varie- 
ties may originate as chance seedlings, date ied 
(somatic mutations), or hybrids resulting from 
plant breeding. Most of the varieties currently 
grown doubtless originated as chance seedlings. 
This is known to be true for most of the orange 
and grapefruit varieties discovered in Florida. 
This mode of origin is no longer operative to 
an important degree, however. Some varieties are 
known to have originated as limb sports, notably 
numerous navel orange and satsuma mandarin 
varieties and the pigmented grapefruit varieties. 
A few promising varieties resulting from breed- 
ing programs in Florida and California have been 
introduced and others are in prospect. 

The early literature (Han Yen-chih [1178], 
1923; Ferrari, 1646; and Bauhin, 1650) does not 
indicate specific recognition of the horticultural 
variety concept, although it is suggested by de- 
scriptions of numerous kinds of oranges, man- 
darins, lemons, and citrons, and references to the 
budding and grafting of seedling trees. By the 
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nineteenth century, however, there can be little 
doubt that the concept was recognized, since 
Gallesio (1811) described accurately eight kinds 
of orange and Risso and Poiteau (1818-22) de- 
scribed and figured forty-two varieties of citrus 
fruits. 

The first relatively adequate horticultural 
classification of the citrus fruits and description 
of their varieties in the United States is that of 
Hume (1904, 1926) and the most recent and com- 
prehensive that of Webber (1943). In California, 
Spalding (1885) was perhaps the first to attempt 
the listing and description of varieties, followed 
shortly by Lelong (1888), who spans much 
more detailed and accurate characterizations. 
For descriptions of Mediterranean varieties, the 
reader is referred to Casella (1935a), Rebour 
(1950), and Gonzalez-Sicilia (1963). 


THE PRINCIPAL VARIETIES AND 
THEIR MOST DISTINCTIVE 
CHARACTERISTICS 


Because of the remarkable potency of en- 
vironmental influences on citrus fruit characters 
(see pp. 437-39), detailed varietal descriptions will 
not be attempted. Instead, the objective is to 
present the most distinctive characteristics that 
will be helpful in identification and evaluation. 
Insofar as practicable, this is done for all varie- 
ties currently of commercial importance or likely 
to become important. Less detailed treatment is 
given to varieties of declining or limited local 
importance. Lack of information requires that for 
many such the characterizations be sketchy and 
incomplete. 

The sources of information used include 
the personal knowledge of the author based on 
observation and study of the principal collections 
in the United States and considerable travel 
abroad, the literature of the past four decades, 
and personal communications from horticulturists 
in many parts of the citricultural world. 

The horticultural classification employed 
in the sections that follow is that of the author 
and is outlined at the beginning of the chapter 
(see pp. 431-33). Obviously, it is both arbitrary 
and empirical in considerable degree and hence 
subject to valid differences of opinion. Since the 
classification is based primarily on resemblance, 
it has seemed best to place the known and pre- 
sumed hybrid varieties in those groups they most 
resemble, irrespective of parentage, known or 
presumed. In some cases, resemblances are so 
tenuous that classification is difficult and pro- 
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visional, and in others lack of information may 
prove responsible for errors. 

For the most part, the botanical nomencla- 
ture used is that of Tanaka (1954), whose system 
though excessively detailed is much more compre- 
hensive than the rigidly restricted classification 
of Swingle (1943) and hence, in the opinion of 
the writer, more useful. However, the use of 
Tanaka’s binomials is primarily for the conveni- 
ence of the reader and should not be interpreted 
as an unqualified acceptance or endorsement of 
his classification in toto. Indeed; on the basis of 
the natural groups and horticultural varieties 
with which the writer is personally acquainted 
he cannot accept a number of the species in 
question. Moreover, he frankly disclaims com- 
petence to pass judgment on many others. It is 
his general conclusion, however, that these two 
classification systems represent extremes and that 
somewhere between them there will ultimately 
emerge a more supportable and generally ac- 
ceptable system of botanical classification and 
nomenclature. 

With the exception of those varieties whose 
origin is unknown, such as the Valencia orange, 
or which are widespread under names given else- 
where than in their country of origin, such as the 
Washington navel orange, the names used are 
those employed in the respective countries of 
origin or their English equivalents. The principal 
synonyms are given in parentheses. Insofar as 
practicable, the varieties described in the follow- 
ing sections are presented in two groups for each 
fruit: major and minor. Major varieties are those 
currently of principal economic importance or 
which because of their promise seem likely to 
become so. Minor varieties are those currently 
of comparatively little importance or primarily of 
historical or other interest. Within each group, 
the varieties are listed in alphabetical order. 


THE SWEET ORANGE 
(CITRUS SINENSIS [L.] OSBECK) 


In common with most of the other citrus 
fruits of commercial importance, the sweet or- 
ange appears to be native to the region comprised 
by northeastern India and adjoining portions of 
China and Burma. It appears to have been first 
grown commercially in southern China. Its cul- 
tivation in the upper Mediterranean basin has 
generally been considered to date back to ap- 
proximately the middle of the fifteenth century; 
not long thereafter it reached the Western Hem- 
isphere. However, Tolkowsky (1938) has adduced 
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evidence of a much earlier European introduction 
(200-300 a.p.). The sweet orange is the naranja 
of Spain, arancio of Italy, laranja of Portugal, 
orange of France and English-speaking countries, 
the malta of India, and kan of Japan. 

The sweet orange is dominant in the citri- 
cultural world, since, with the exception of the 
Orient where the mandarin is preferred, no other 
citrus fruit is so universally liked and used. It is 
much more widely distributed and grown than 
any other and currently comprises about two- 
thirds of the total world production of citrus 
fruits, which in 1965 was almost 600 million 70- 
pound box equivalents, and is increasing rapidly. 
The United States was much the largest pro- 
ducer of oranges with approximately 121 million 
boxes followed by Spain (55 million), Brazil and 
Italy (24 and 37 million, respectively), Mexico and 
Argentina (24 and 20 million, respectively), Israel 
(23 million), and Morocco and South Africa (16 
and 15 million, respectively). Six other widely-dis- 
tributed countries produce 5 million to 10 million 
boxes annually and eleven others a million boxes 
or more. The remaining citrus fruits are produced 
by about two dozen other widely distributed 
countries. Moreover, both planting and produc- 
tion will certainly increase during the coming 
decades. As this chapter went to press in 1967, 
the Florida orange crop alone was estimated at 
143 million boxes. 

With the exception of the mandarin and 
bitter or sour orange, the sweet orange tree is the 
hardiest of the citrus fruits of commercial impor- 
tance. The mandarin fruit is much more suscep- 
tible to frost injury, however. 

In most parts of the world, the sweet or- 
ange is still used primarily as a fresh fruit for 
eating out-of-hand or serving as a dessert. In the 
United States, however, and increasingly so else- 
where, the principal use now is for the juice, 
which is extracted and served fresh or preserved 
by chilling, pasteurization, and concentration (see 
chap. 2, p. 47). The single-strength canned juice 
now available is a reasonably satisfactory sub- 
stitute for freshly expressed juice and keeps rela- 
tively well. Much the best product, however, in 
that it is acceptable as a substitute to all but 
the most discriminating palates, is the frozen 
juice concentrated under vacuum, which of 
course, requires freezing storage. The consumer 
acceptance of this product has been phenomenal, 
and much the greater part of the Florida produc- 
tion is now utilized in this form. The use of or- 
anges for juicing, enhanced by the spectacular 
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success of frozen concentrate, has materially in- 
creased the consumption of oranges in the United 
States and brought about greatly increased pro- 
duction in Florida. 

Valuable byproducts are also obtained 
from the rind of fruit sent to processing plants 
for juicing. Principal byproducts are essential oil, 
pectin, and cattlefeed. 

The sweet oranges naturally fall into four 
kinds: the common oranges, acidless oranges, pig- 
mented oranges, and navel oranges. They may 
also be distinguished on the basis of season of 
maturity as early, midseason, and late. In some 
of these groups, possibly all, there are variegated 
varieties of local importance as ornamentals, such 
as the dwarf variety Fuya Menuda (see p. 459). 


Common Oranges 


These comprise the ordinary or common 
oranges which in the Mediterranean basin are 
referred to as the white or blond orange (blanca 
of Spain, biondo of Italy, blonde of France) to 
distinguish them from the pigmented or blood 
orange. The characteristics of the common or- 
anges are so well known as scarcely to require 
comment. Indeed, the distinctive color—a combi- 
nation of red and yellow—has for centuries been 
used as the common name of this fruit, in which 
connection it may be of interest to note that 
yellow-fruited orange varieties have long been 
known (such as the Prata of Spain and Tenerife 
of the Canary Islands). 

In most of the older orange-producing 
countries, there still remains a considerable pro- 
duction of sweet oranges from seedling clones 
grown either as seedlings or budded trees. In 
Spain and Italy, these are usually referred to as 
comuna or comune (Biondo di Spina or di Arrudi), 
respectively, and in Florida as Florida Common. 
In North Africa and the Near East, they are 
called beladi or beledi (various spellings), bizri 
(when grown as seedlings), and Bordugal (Portu- 
gal). They are known as criolla in Argentina and 
Uruguay, caipira in Brazil, and corriente in Mex- 
ico. And finally, in South Africa and Australia, 
they are called Cape Seedlings and Paramatta 
Seedlings, respectively. 

In general, the seedling clone trees are vig- 
orous, large, somewhat thorny, productive, and 
long-lived, but the fruit is commonly coarser in 
texture and seedier than most named varieties. 
With minor exceptions, the propagation and nade 
ing of these seedling clones has been abandoned 
in favor of better, named varieties. It must be 





HORTICULTURAL VARIETIES 


remarked, however, that under certain conditions 
these seedling clones are sometimes more profit- 
able than the named varieties available and hence 
will continue to be used. So long as they remain 
profitable, there is little incentive for growers to 
replace such orchards. 

As might be expected, the common sweet 
oranges are the most widely grown and commer- 
cially the most important of the four kinds of 
sweet oranges. There is reason to believe that 
they constitute about two-thirds of total orange 
production. 

They are not only the oldest, largest, and 
most extensively cultivated kind of sweet or- 
anges, but they include more varieties than any 
other. 


Major Common Orange Varieties.— De- 
scriptions are presented below of those common 
orange varieties grown on an extensive scale, in- 
creasing in importance, or which the author be- 
lieves have qualities of major significance. 


Barao 


Fruit medium-small, ovoid to oblong; base with 
occasional radial furrows; seeds comparatively few. Rind 
medium-thick and surface smooth. Color deep orange 
when ripe. Flesh well-colored; coarse, firm in texture; 
juice content below average; flavor rich and sweet. 
Medium early in maturity. 


Tree vigorous, upright, medium-large; foliage 
dense; very productive. 


This Brazilian variety (Moreira and Filha, 
1963) is of unknown origin, presumably a chance 
seedling, and does not meet the requirements of 
the processing industry or export trade. It is said 
to be much appreciated by the Brazilian populace. 


Bedmar 
See under Berna below. 


Belladonna 


Fruit medium-large, oblong to oval; base com- 
monly with small, slightly furrowed basin; areole faint or 
lacking; seeds few or none. Color deep orange at maturity. 
Rind medium-thick, tightly adherent as are also the seg- 
ments; surface finely to coarsely pebbled. Flesh moder- 
ately juicy and flavor pleasant. Early midseason in matur- 
ity, but holds well on tree for several months. Stores and 
ships well. 


Tree vigorous, medium to large, symmetrical, and 


productive. 

An old Italian variety of unknown origin, 
Belladonna is widely grown in Italy and ranks 
second there only to Calabrese. 


According to Casella (1935a), the fruits 
of Belladonna and Calabrese have close resem- 
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blances, but the former averages larger, is better 
colored, and has a thicker and somewhat coarser 
rind. The season is altogether different as are 
also the trees. Both varieties are of excellent 
quality. 

Berna (Bernia, Verna, Vernia, Verda, Bedmar) 
(fig. 4-3) 

Fruit medium-small, oval to ellipsoid; base com- 
monly with faint radial furrows; apex slightly depressed; 
seeds few or none. Well-colored at full maturity, but re- 
greens thereafter. Rind medium-thick, firm; surface finely 
pebbled. Flesh well-colored; moderately juicy: flavor 
sweet. Fruit holds especially well on tree with good qual- 
ity and ships well. Late in maturity, but earlier than 
Calabrese of Italy and Valencia. 

Tree slow-growing, compact, medium-small in 
size, and slow to bear but productive. Somewhat inclined 
to out-of-season flowering and production of worthless off- 
season fruits. Usually has a few long and narrow leaves. 

This distinctive variety is of Spanish origin 
but is grown also in Morocco and Algeria. It is 
one of the latest maturing of all Mediterranean 
varieties and holds on the trees as well as Valen- 
cia or better but is smaller and of poorer quality. 

Several clones of the Berna are recognized, 
one of which is characterized by greater tree 
vigor and round fruit of higher juice content. A 
selection named Alberola is said to be of superior 
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Fig. 4-3. Berna or Vernia, the principal late-ripening 
orange of Spain. ( Photo by H. Chapot. ) 
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quality. A highly similar, if not identical, variety 
is Peret. 


Biondo Comune (Nostrale Liscio) 


Fruit medium to medium-large, subglobose to 
round; basal cavity small and deeply furrowed; apex flat- 
tened or slightly depressed; sei olor yellowish-orange 
at maturity. Rind medium-thick and surface finely to 
moderately pebbled. Flesh very juicy and flavor pleasant 
when fully mature. Medium sily in maturity, but holds 
well on tree and ships well. 

Tree vigorous, hardy, large, and productive. 


One of the oldest Italian varieties and of 
unknown origin, Biondo Comune has been little 
planted in recent decades and doubtless will ulti- 
mately disappear. It still comprises the bulk of 
production of common sweet oranges in some 
ef the oldest Italian districts. 


Biondo Riccio 


Fruit large, globose; base slightly flattened and 
deeply furrowed; apex slightly depressed; seedy. Well- 
colored at maturity. Rind medium-thick and surface 
coarsely pebbled and somewhat rough. Flesh juicy and 
flavor pleasant when fully ripe. Medium early in maturity 
and ships reasonably well. 





Fig. 4—4. Cadenera, the principal common orange va- 
riety of Spain. ( Photo by H. Chapot. ) 
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Tree moderately vigorous, highly productive, and 
hardy. 


Another very old Italian variety of un- 
known origin, Biondo Riccio has not been planted 
for years but is still important in some of the 
oldest Italian districts. 


Biondo di Spina 
See page 442. 


Cadenera (Cadena Fina, Cadena sin Jueso, Orero, 
Valence san Pepins, Precoce de Valence, Precoce 
des Canaries) (fig. 4-4) 

Fruit medium-sized, globose to slightly oval; apex 
somewhat depressed; areole ring faint or lacking; seeds 
few or none. Moderately well-colored. Rind medium-thin 
and surface smooth to finely pebbled. Flesh very juicy 
and flavor and aroma excellent. Holds well on tree and 
retains quality. Medium-early in maturity (preceded by 
Salustiana and Hamlin). 

Tree vigorous, large, and productive. 

Of Spanish origin, presumably a chance 
seedling, Cadenera appears to be the most im- 
portant variety in Spain, its production being 
exceeded only by comuna, which, as noted 
earlier, consists of a group of unnamed similar 





Fig. 4—5. Calabrese or Ovale, the principal common or- 
ange variety of Italy. (Photo by H. Chapot. ) 
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or identical seedling clones. It is important also 
in Morocco and Algeria and hence ranks high 
among major orange varieties. Because of its ex- 
cellent quality, it is well and favorably known 
in European markets. 

Cornice appears to be a selection of Ca- 
denera (Chapot, 1948) but Cadena Punchosa is 
an inferior variety no longer being planted. 


Calabrese (Ovale) (fig. 4-5) 


Fruit medium-large, oval; base commonly with 
low, narrow, slightly furrowed collar; areole faint or lack- 
ing; seeds few or none. Well-colored at maturity, but re- 
greens if held on the tree long thereafter. Rind medium- 
thick, very tightly adherent; surface finely pebbled. Flesh 
juicy and well flavored at maturity. Holds especially well 
on tree with little loss in quality and stores and ships well. 
Late in maturity (the latest of Italian varieties and ap- 
proaching Valencia). 

Tree of good vigor and size, slow growing, some- 
what irregular in form; leaves light-green and of some- 
what distinctive color and appearance. Pronounced ten- 
dency to produce out-of-season bloom and fruit. Sensitive 
to cold, heat, and desert winds, but productive under fa- 
vorable conditions. 


Calabrese is the preferred name to dis- 
tinguish this important variety from others of 
oval form. 

Of unknown origin, this old Italian variety 
is widely grown and for decades has ranked as 
first in importance among common sweet orange 
varieties in Italy, a position it seems destined to 
maintain because of its many excellent features. 


California Mediterranean Sweet 
See under Maltaise Oval (p. 447). 


Castellana 


Fruit medium-sized, subglobose to spherical; 
moderately seedy. Color light orange. Rind medium-thin 
and surface somewhat granular. Flesh color pale; juice 
abundant, low in acidity ; flavor sweet. Holds on tree mod- 
erately well but loses quality. Medium early in maturity. 


Castellana is said to be the principal 
variety in the Almeria Province of Spain where 
it matures earlier than elsewhere. It is no longer 
being planted, however. 


Clanor (Clanwilliam, Clan William) 


Fruit medium-large, globose to oblong; seeds 
relatively few. Rind medium-thin, tough, leathery; sur- 
face moderately pebbled. Flesh melting, juicy; flavor good. 
Late midseason in maturity. 

Tree vigorous, upright in growth habit; foliage 
dense; a regular and heavy bearer. 


This South African variety from western 
Cape Province traces back to two apparently 
identical trees in the 30-year-old William van 
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Wyk orchard of the Kanolvlei farm that had been 
layered from old Clanwilliam seedling orange 
trees on the Rondegat farm. The selection was 
made by P. Nortier of Clanwilliam in 1930. 
Clanor has gained rapidly in popularity and cur- 
rently is recommended as one of the best midsea- 
son varieties for planting in South Africa. 


Clanwilliam 
See under Clanor above. 


Garey’s Mediterranean Sweet 
See under Pope (p. 447). 


Glen Summer 
See under Pope (p. 450). 


Hamlin (Norris) (fig. 4-6). 


Fruit medium-small, globose to slightly oblate; 
sometimes with low radially furrowed collar and faint 
areolar ring; seeds very few or none. Well-colored at ma- 
turity (one of the best in Florida). Rind thin, with smooth, 
finely pitted surface. Flesh well-colored; tender, juicy, 
lacking in acid; flavor sweet. One of the earliest to ma- 
ture. 

Tree moderately vigorous, medium-large, produc- 
tive, and more cold-tolerant than most. 


The Hamlin variety originated as a chance 
seedling in an orchard near Glenwood, Florida, 
which was planted in 1879, and was named for 





Fig. 4-6. Hamlin, a major early ripening orange of 
Florida. 
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the owner, A. G. Hamlin, at the time its value 
was recognized some years later. It came into 
prominence following the great Florida freeze 
of 1894-95 as a rival of Parson, the only other 
variety of similar early maturity, and has gradu- 
ally replaced it. Currently, it is a major variety 
in Florida, of considerable importance as an 
export variety in Brazil, of limited importance 
in South Africa and elsewhere, and possibly the 
world’s principal variety of very aaily maturing 
common sweet orange. 

In semitropical climates characterized by 
high heat and humidity, this variety produces 
fruit of satisfactory size for marketing fresh, 
although the eating quality is generally some- 
what disappointing. In arid, subtropical climates, 
fruit size is commonly smaller than desirable 
though the quality may be satisfactory. 


Hart’s Tardiff 

See under Valencia (p. 453). 
Hitmali 

See under Khettmali (p. 447). 
Homosassa 


Fruit medium-sized, subglobose to ellipsoid; base 
evenly rounded to slightly collared and basal area some- 
what furrowed; apex evenly rounded; areolar furrow in- 
distinct or lacking; moderately seedy. Well-colored at 
maturity. Rind medium-thick, smooth, and finely pitted. 
Flesh medium-tender, juicy; flavor good. Midseason in 
maturity. 

Tree vigorous, large, productive, and hardy. 

According to Webber (1943), Homosassa 
is one of the oldest Florida varieties, having 
originated as a seedling selection in the orchard 
of a Mr. Yulee at Homosassa. The selection must 
have been planted not later than 1865, for in 
1877 the Variety Committee of the American 
Pomological Society recommended it as a first- 
class variety. It was extensively planted for 
some decades, and there are old orchards still 
in existence. Like certain other Florida varieties, 
however, Homosassa is of indifferent quality in 
arid climates and has not achieved commercial 
importance elsewhere. 


Jaffa (Florida Jaffa) 
Fruit medium-sized, globose to slightly ellipsoid 


or obovate; basal end commonly collared and with radi 
furrows; areole inconspicuous or absent; seeds compara- 
tively few. Well-colored under favorable conditions. Rind 
medium-thick, finely pitted, and moderately pebbled. 
Flesh color light orange; medium-tender, juicy; flavor 
good. Stores poorly on tree, but ships rather well. Mid- 
season in maturity. 
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Tree vigorous, upright, medium-large; foliage 
dense; cold-resistant; moderately productive, but with al- 
ternate bearing tendency. 


In the literature and otherwise, this variety 
has sometimes been confused with Shamouti or 
Palestine en the principal variety of Palestine 
and Israel, which it resembles only slightly. On 
the other hand, it somewhat resembles Joppa. 
Almost certainly both Jaffa and Joppa are clones 
of the Palestine beledi seedling group. Jaffa was 
introduced into Florida by H. S. Sanford about 
1883, whether as budwood or seeds is not known, 
but presumably the latter. Joppa was named 
about 1877 in California as a seedling from seeds 
obtained in Joppa, Palestine. In this general con- 
nection, it is of interest to note that Shamouti is 
considered to have originated as a limb sport in a 
Palestinian beledi tree. 

Because of its comparatively low seed con- 
tent, cold resistance, and good quality, Jaffa early 
became popular in Florida and attained the status 
of a major midseason variety. The greater pro- 
ductivity and superior aly of Pineapple, how- 
ever, soon caused it to lose favor, although Jaffa 
still remains important there and to some extent 
elsewhere. For processing, however, Jaffa’s sus- 
aj Sa to Alternaria blossom-end infection is 
a further cause for its decline in popularity in 
Florida. 


Joppa 


Fruit medium-sized, globose to slightly oblong; 
seeds comparatively few. Well-colored er favorable 
conditions. Rind medium-thin and slightly pebbled. Flesh 
color light orange; medium-tender, juicy; flavor rich. Mid- 
season in maturity. 

Tree vigorous, upright, with rather stiff thorn- 
less branches and stout branchlets; precocious, and pro- 

C. 


This variety, not to be confused with 
the Jaffa above, originated in 1877 from seed im- 
ported from Joppa. Palestine, by A. B. Chapman 
of San Gabriel, California. It never attained com- 
mercial importance in California or in Florida, 
where it was early introduced, but it was popular 
for some decades in South Africa and sal has 
limited importance in Texas. 

In comparison with Jaffa, the fruit aver- 
ages smaller and is less oblong, the rind texture 
is finer, and the season of maturity is earlier. The 
tree is more upright, has thicker branchlets, and 
is more precocious. In general appearance, Joppa 
resembles Shamouti more than Jaffa. In South 
Africa, it is reported (Marloth and Basson, 1955) 
that on rough lemon rootstock Jaffa and its seed- 
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lings exhibit budunion “crease” whereas Joppa 
and its derivatives do not. Addorosa is a local 
synonym in South Africa. The Fukuhara variety 
of Japan is considered to be a bud variation of 


Joppa. 
Khalily White 

See under Shamouti Masry (p. 453). 
Khettmali (Khatmali, Hitmali) 


Fruit medium-large, round to somewhat oblong; 
areolar ridge usually well-developed (from which the 
name is derived); seeds very few. Well-colored at matur- 
ity. Rind medium-thin, tough, leathery; surface moderate- 
ly pebbled; peels readily. Flesh moderately firm, very 
juicy; flavor excellent. Holds well on tree. Midseason in 
maturity, but later than Shamouti. 

Tree vigorous and consistently productive. 


This variety appears to have originated in 
Lebanon, where it is highly regarded and second 
only in importance to Shamouti. From the de- 
scription, it is clear that Hitmali of Israel and 
Khettmali are identical. 


Macetera 


Fruit medium-sized, subglobose to globose; apex 
slightly depressed; seeds few. Rind very thin, smooth, and 
finely pebbled. Color pale. Flesh tender, juicy, and with 
special flavor and fragrance. Fruit holds well on tree, but 
sensitive to frost. Midseason in maturity. 

Tree robust, large-sized, and somewhat thorny. A 


regular and good bearer. 
This high-quality, old Spanish variety is 


said to be increasing in importance, especially in 
Alicante Province, but its thin rind and juiciness 
make it a poor shipper and keeper. It is con- 
sidered excellent for processing. 


Malta (Malta Common) 


Malta is a seedy, midseason orange of 
good color and flavor, but without distinctive 
characteristics, which is widely grown in the 
Punjab region of India and West Pakistan. The 
trees are vigorous and productive. 

It is similar to and indistinguishable from 
beladi of the Near East and North Africa and 
comuna of Spain and Italy and doubtless was 
introduced from the Mediterranean. 


Maltaise Blonde (Maltaise, Petite Jaffa, Portugaise 
Blonde) 


Fruit medium-large, oval; seeds very few or none. 
Moderately well-colored at maturity. Rind medium-thick, 
leathery; surface smooth and finely pebbled; peels easily. 
Flesh moderately well-colored; juicy; flavor mild. Does 
not hold well on tree, but if properly handled stores and 
ships well. Midseason in maturity. 
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Tree vigorous and characterized by open growth 
habit, thick branchlets, and large, broad leaves. Low in 
productivity. 

Both the tree and fruit resemble Shamouti 
(Palestine Jaffa) and it is evident that they are 
closely related. Markedly similar also is Shamouti 
Masry (Khalily White) of Egypt, which is be- 
lieved to have originated as a limb sport of 
Shamouti. 

The Maltaise Blonde variety, of unknown 
origin, is of limited importance in North Africa 
except in Tunisia, where it is popular and grown 
commercially. 


Maltaise Ovale (Maltese Oval, Garey’s or Califor- 
nia Mediterranean Sweet) 


Fruit medium-sized, spherical to oval; basal col- 
lar radially furrowed; seeds relatively few. Color pale at 
maturity and some tendency to regreen. Rind medium- 
thick; surface somewhat pebbled; peels readily. Flesh 
pale-colored; moderately juicy; flavor mild. Medium-late 
in maturity. 

Tree vigorous, large, spreading, and drooping; 
leaves long, narrow, somewhat rumpled, and of paler 
color than most. Distinctive in appearance. 

This is an old Mediterranean variety of 
unknown origin which was introduced into Calli- 
fornia about 1870 by T. A. Garey, a pioneer 
citrus nurseryman of Los Angeles, and distributed 
under the name Mediterranean Sweet. At about 
the same time, it was brought to Florida and 
distributed under the name Maltese Oval. It is 
not the same, however, as the midseason variety 
introduced into Florida a few years later and dis- 
tributed as Mediterranean Sweet. 

Under its California name, this variety 
soon became important as a midseason variety, 
maturing between the superior Washington navel 
and Valencia oranges. With the expansion of the 
California industry into areas of different periods 
of maturity, overlapping production of these two 
varieties resulted. As a consequence, Mediter- 
ranean Sweet rapidly lost favor and was re- 
placed. In the meantime, it was introduced into 
South Africa where it still retains some impor- 
tance as a midseason variety, although it is no 
longer planted. 

Two clones are recognized in California 
which differ only in fruit form, one being pre- 
vailingly round and the other oblong to oval. 


Marrs (Marrs Early) 


Fruit medium-large, round to slightly oblate; 
moderately seedy (depending on pollination). Well-colored 
under favorable conditions. Rind medium-thick, and sur- 


face smooth and finely pitted. Flesh well-colored; juicy, 
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lacking in acid; flavor sweet. Holds well on tree with little 
loss in quality. Earliest in legal maturity because of low 
acidity, but for better juice content and quality should be 
left on tree somewhat later. 

Tree moderately vigorous, precocious, and pro- 
lific. Marked tendency to bear fruit in clusters. Smaller 
than most other varieties, presumably because of early 
and heavy bearing. 


According to Waibel (1953), this variety 
was found in 1927 on the place of O. F. Marrs, 
Donna, Texas, where it is said to have occurred 
as a limb sport in a group of navel orange trees 
obtained from California. Although propagated 
to a limited extent earlier, trees were not avail- 
able for commercial planting until 1940. 

Because of its early and heavy bearing and 
good fruit size, Marrs is currently a popular early 
maturing variety in Texas. Its principal fault for 
processing is the low acidity of the juice. 


Mediterranean Sweet 
See under Maltaise Ovale (p. 447). 


Mosambi (Mosambique) 


Fruit medium-large, slightly oblate to globose or 
broadly obovoid; areolar ring regularly shallow; moder- 
ately seedy. Color light yellow to pale orange at maturity. 
Rind medium-thick; surface moderately to roughly 
bled, and faintly striped with narrow, longitudinal 
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ooves and ridges. Flesh color straw-yellow; somewhat 
rm, juicy; flavor insipid because of very low acidity. 
Early in maturity. 

This very distinctive variety is of unknown 
origin, but the name, of which there are numer- 
ous spellings, suggests that it was taken from 
Mozambique, East Africa, to India, presumably 
by the Portuguese. The brown color of the chala- 
zal spot indicates that it does not belong to the 
sugar orange group, as some have assumed, but 
that it is a low acid orange, the acidity of which 
is further reduced by the Indian climate and the 
rough lemon rootstock on which it is grown. 

Mosambi is highly popular in central India 
and is probably the most important orange va- 
riety of that country. According to Gandhi (1956), 
it is grown principally in the Bombay Deccan 
where total plantings were reported to be about 
20,000 acres. 


Mosambique 
See under Mosambi above. 


Natal 


Fruit medium-sized, globose to broadly obovoid; 
seeds very few. Rind medium-thin and surface moder- 
ately pebbled. Color pale yellowish-orange. Flesh 
colored; tender, fine-textured, very juicy; flavor rich at 





Fig. 4~7. Pera, the principal orange variety in Brazil. (Photo by S. Moreira. ) 
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full maturity because of high acidity. Shipping quality 
good. Very late in maturity. 
Tree vigorous, large, and productive. 


Of unknown origin, this Brazilian variety 
is said to markedly resemble Valencia in both 
fruit and tree characters. 


Norris 
See under Hamlin (p. 445). 


Nostrale Liscio 
See under Biondo Comune (p. 444). 


Orero 
See under Cadenera (p. 444). 


Parson (Parson Brown) 


Fruit medium-large, globose; base with short, 
radial furrows; areole indistinct; moderately seedy. Well- 
colored under favorable conditions. Rind medium-thick; 
surface finely pitted and moderately pebbled. Flesh color 
dull orange; firm, juicy; well-flavored. Very early in ma- 
turity, possibly the earliest. 

Tree vigorous, large, and productive. 


Parson originated as a chance seedling in 
the dooryard of Rev. N. L. Brown near Webster, 
Florida, and is said to have been planted in 1856 
(Ziegler and Wolfe, 1961). The propagation rights 
were purchased about 1875 by J. L. Carney, who 
named it Parson Brown. Its outstanding earliness 
soon popularized this variety and it quickly be- 
came the leading early orange, a position held 
until about 1920. Parson still remains a major 
variety in Florida, however, though it has never 
achieved prominence elsewhere, principally be- 
cause of seediness. | 


Pera (fig. 4-7) 


Fruit medium-small, ovoid to ellipsoid; seeds ve 
few. Rind medium-thin; surface smooth and finely pitted. 
Color light orange at maturity. Flesh well-colored; firm, 
fine textured, juicy; flavor rich. Late in maturity. Holds 
well on tree without deterioration in quality, and stores 
and ships well. 

Tree vigorous, upright; foliage dense, with many 
leaves of which the petioles are unevenly winged; very 
productive. 


Moreira and Filha (1963) and other Bra- 
zilian horticulturists have expressed the opinion 
that the Pera variety is ceobably the same as 
Lamb Summer of Florida. If so, it originated as a 
seedling in Volusia County sometime prior ‘to 
1897, when it was first described and named for 
the owner. It never attained much importance 
in Florida. Several clones are recognized of this 
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variety in Brazil, including Perao, a light-bearing 
tree with fruit which is large and resembles 
Shamouti. A. A. Salibe has called attention to the 
resemblance between Pera and the Berna variety 
of Spain.? 

Introduced into Brazil at an early date, 
Pera has long been the principal variety as well 
as the most important late export variety. It con- 
stitutes nearly three-fourths of the commercial 
acreage in the region of Rio de Janeiro and 
slightly more than a third of the commercial 
acreage in Sao Paulo State. 


Petite Jaffa 
See under Maltaise Blonde (p. 447). 


Pineapple 


Fruit medium-sized, spherical to slightly obovate ; 
basal area sometimes depressed and radially furrowed; 
commonly with faint areola ring; moderately seedy. Well- 
colored (one of the best in Florida). Rind medium-thick; 
surface finely pitted and slightly pebbled. Flesh color 
light orange; tender, juicy; flavor rich though sweet. Mid- 
season in maturity. Does not hold on tree as well as some, 
but excellent for processing. 

Tree moderately vigorous, medium-large, thorn- 
less, and highly productive. More sensitive to frost than 
most. 


The Pineapple originated as a seedling on 
the place of J. B. Owens at Sparr, near Citra, 
Florida, and is said to have come from seed 
planted soon after 1860 (Ziegler and Wolfe, 1961). 
It was first propagated by P. P. Bishop at Citra 
about 1873 under the name of Hickory and some 
ten years later was renamed Pineapple because 
of its delicate fragrance. Its attractiveness, fine 
flavor, and good market reception brought about 
some increase in use, but it was not until after 
the 1894-95 freeze, which necessitated extensive 
replanting, that its popularity developed. It soon 
became the principal midseason variety and has 
remained so ever since. It is a major variety 
in Florida and of considerable though decreas- 
ing importance in Brazil and South Africa. Of 
increasing popularity in Florida is the Queen 
variety, which may have originated as a Pine- 
apple seedling. Two virtually seedless limb sports 
have been found—Seedless Pineapple, discovered 
in 1932 on Merritt Island, Florida (U.S. Plant 
Patent 477), and more recently (1948) a variety 
named Plaquemines, which originated as a limb 
sport in Louisiana. Varieties that are considered 
to be derivatives in South Africa include Belve- 
dere, which is indistinguishable from Pineapple, 


2 Personal communication from A. A. Salibe to the author, dated May 25, 1964. 
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and Gem and Letaba, both of which are less 
seedy and earlier in maturity. A seedling clone 
that exhibits resistance to the burrowing nema- 
tode in Florida has recently been named Ridge 
Pineapple. 


Pope (Pope Summer, Glen Summer) 


Pope is a variety so similar to Valencia 
that they are indistinguishable, and its origi 
suggests that it probably should be regarded 
as a selection of Valencia rather than a variety. 
According to Ziegler and Wolfe (1961), it traces 
back to an outstanding budded tree that was 
found by F. W. Pope about 1916 in a 40-acre 
planting of the Pineapple variety near Lakeland, 
Florida. It was so late in maturity and held the 
fruit so well without loss in quality that Pope un- 
dertook its commercial propagation in 1935 and 
had the name trademarked in 1938. Since 1945 its 
pecpeearen and promotion have been conducted 

y Pope Summer Orange Nursery, Ltd., ae 
the same variety is reported (Ziegler and Wolfe, 
1961) to be propagated by the Glen St. Mary 
Nurseries Company under the name Glen Sum- 
mer. It has been planted to a considerable extent 
in the Indian River district of Florida. 


Portugaise Blonde 
See under Maltaise Blonde (p. 447). 


Precoce des Canaries 
See under Cadenera (p. 444). 


Precoce de Valence 
See under Cadenera (p. 444). 


Premier 


Fruit medium-small, globose; seeds relatively few. 
Rind medium-thick and surface moderately coarse. Flesh 
very juicy and flavor good. Early midseason in maturity. 

Tree moderately vigorous, of irregular, upright 
growth habit; medium-sized; very productive. 

Of unknown parentage, Premier is a se- 
lection of the Joppa type introduced about 1935 
by the late Prchcios H. Clark Powell, of the 
University of Pretoria, from the Mazoe Citrus 
Estates, Umtali, Southern Rhodesia. Montrose 
Premier is indistinguishable and apparently rep- 
resents a clonal icine, The so-called Orange 
Premier is an entirely unrelated clone of the 
Jaffa type that is subject to the budunion crease 
disease and should be discarded. Premier has 
proven to be popular and is currently the most 
important midseason variety in the Lowveld 
areas of Transvaal, South Africa. It also is grown 
extensively in Southern Rhodesia. 
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Queen 

The Queen was originally named King, 
but later the name was changed to avoid con- 
fusion with the old King mandarin variety. This 
is a midseason variety with fruit much like the 
Pineapple orange. It is less pronounced reddish- 
orange in color, higher in soluble solids and hence 
richer in flavor, somewhat less seedy, and holds 
better on the tree. 

The tree is more vigorous than Pineapple, 
equally productive, and somewhat more resistant 
to cold. 

According to Ziegler and Wolfe (1961), 
this variety originated as a seedling in an old 
orchard on Lake Hancock, near Bartow, Florida, 
and came to notice prior to 1900 at which time 
budwood was obtained by a Mr. Walters from 
a Mr. King, a son-in-law of the owner. It was 
used to propagate trees for the Perrin and Thomp- 
son Groves near Winter Haven, the owners of 
which gave it the name King. Its commercializa- 
tion was undertaken by the Lake Garfield Nurs- 
eries of Bartow about 1915 under the present 





Fig. 4-8. Salustiana, a promising early ripening Spanish 
orange variety. ( Photo by H. Chapot. ) 





ED ew EEE emi, «alr errr ———ae «J 


HORTICULTURAL VARIETIES 


name. For some decades it did not receive much 
attention, but its popularity has increased appre- 
ciably in recent years. 


Salustiana (Salus) (fig. 4-8) 


Fruit medium-large, subglobose to spherical; 
basal cavity shallow with faint radial furrows; apex de- 
pressed; areolar jan small but well-marked in many 
cases; virtually seedless. Unusually well-colored at ma- 
turity. Rind medium-thick and surface moderately peb- 
bled. Flesh melting, juicy; flavor rich and sweet. Fruit 
said to hold especially well on tree without much loss of 
quality. Early in maturity (earliest of the Spanish varie- 
ties). 

Tree vigorous, somewhat upright, medium-large, 
and productive. 


This comparatively new Spanish variety is 
believed to have originated as a limb sport on 
a comuna tree in the garden of a convent. It was 
called to the attention of Don Salustiano Pallas 
of nearby Enova, Valencia, and propagated and 
introduced by him about 1950 (Gonzalez-Sicilia, 
1963). Because of its early maturity, seedlessness, 
and quality, it is regarded as highly promising 
and has been planted to a considerable extent in 
Spain in recent years and somewhat in Algeria 
and Morocco. 

According to Chapot and Huet (1963), 
who have reported on the characteristics of this 
variety in North Africa, both tree and fruit are 
indistinguishable from Cadenera, except that the 
latter is somewhat flatter in form. Salustiana is 
much earlier in maturity, however. 


Sathgudi 


Fruit medium to large, globose; moderately seedy. 
Color greenish-yellow to pale orange at maturity. Rind 
medium-thick, tough, leathery; surface finely pitted and 
moderately pebbled; peels readily. Carpellary membranes 
thick and tough; ia orange-colored, juicy; flavor fair 
(sweet with some acid). Midseason in maturity insofar as 
can be determined. 

Tree vigorous and moderately productive. Com- 


monly seed-propagated. 


The origin of Sathgudi is unknown, but 
probably relates to a village or community. How- 
ever, one of its local names in southeast India 
suggests that it may have come from Batavia, 
Indonesia. For many years it has been the prin- 
cipal variety in southern India. 


Seleta (Selecta, Siletta) 


Fruit medium-sized, subglobose to spherical; 
basal area sometimes with radiating furrows; apex rounded 
or slightly flattened; areole usually distinct; sceds few. 
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Rind medium-thick; surface smooth to slightly pebbled; 
color light orange. Tendency to color in advance of ma- 
turity, while still acid. Flesh juicy; flavor somewhat acid 
until full maturity, when it becomes sprightly and readily 
acceptable. Fruit does not hold well on tree after matur- 
ity, dropping freely. Late midseason in maturity though 
coloring early. 

Tree moderately vigorous, medium-sized, and reg- 
ularly productive. A tendency to give rise to bud varia- 
tions has been noted in California (Webber, 1943, p. 516) 
and Australia.3 


The origin of Seleta is unknown, but it 
seems likely that it is an old Portuguese variety, 
for in 1925 it was listed among those currently 
grown there (Bobone, 1938) and the synonym em- 
ployed, Lusitana, referred to the ancient Roman 
provincial name for Portugal. Presumably taken 
to Brazil at an early date, it is the variety from 
which the Bahia or Washington navel orange is 
supposed to have originated (Dorsett, Shamel, 
and Popenoe, 1917), although to the writer this 
seems improbable. According to Moreira and Filha 
(1963), it is still of commercial importance in Bra- 
zil, where several clonal selections are currently 
popular—Abacaxi, Amarela, Branca, Itaborai, and 
Vermelha. It seems likely that this variety is 
the Siletta of Australia as the Sydney Gazette of 
April 22, 1824 (Bowman, 1955) lists Celeta and 
Bahia oranges among recently introduced citrus 
varieties. It early achieved commercial impor- 
tance in Australia,.which continued until about 
1920. Since that time it has been infrequently 
planted and only for juice purposes. 

Two clones have long been recognized in 
Australia—White Siletta, which corresponds to 
the description given here, and Red Siletta, so- 
named because of its deeper color. The Red 
Siletta is presumably of local though unknown 
origin. The first-mentioned clone is that which 
achieved principal importance. The fruit of the 
latter is coarser in rind texture and somewhat 
lower in quality; the tree is more vigorous and 
larger. 


Shamouti (Chamouti, Palestine Jaffa, Jaffa, Jaf- 
faoui, Iaffaoui). (fig. 4-9) 


Fruit medium-large to large, oval to ellipsoid; 
basal end slightly flattened or depressed with narrow and 
low collar or shoulder, ominoaly with short radial fur- 
rows; apical end evenly rounded; areolar ring usually 
present but faint. Seedless or nearly so and well-colored 
under favorable conditions. Rind thick, tough, and leath- 
ery; surface finely pitted but relatively smooth; incon- 
spicuous oil glands. Flesh color light orange; firm, tender, 
juicy; fragrant and pleasantly sweet-flavored. Fruit peels 


3 Letter to the writer from E. C. Levitt, government citrus specialist in New South Wales, dated May 7, 1963. 
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Fig. 4-9. Shamouti or Palestine Jaffa, the major orange 
variety of the Near East. (Photo by H. Chapot. ) 


and segments separate ss a wae stores unusually 
well, but does not process well. Midseason in maturity. 

Tree moderately vigorous, distinctive in appear- 
ance, upright in growth habit, with thick, thomless 
branchlets; leaves large and broad, with petioles which are 
small and narrowly winged. On Palestine sweet lime root- 
stock, tree is somewhat dwarfed, probably because of 
xyloporosis infection, but is regularly and highly produc- 
tive, whereas tree is larger on sour orange but less pro- 
ductive because of pronounced alternation. 


While Shamouti, of which there are vari- 
ous other spellings, is the preferred name for 
this distinctive and highly important variety, it is 
so well and favorably known in Europe under 
the name Jaffa that it is now impracticable, as 
well as undesirable, to undertake to change this 
usage. There is another, quite different variety 
of the same name and parentage, however, fre- 
quently called Florida Jaffa to distinguish be- 
tween them (see Jaffa, p. 446). 

Like the navel oranges in general, the 
Shamouti tree is sensitive to heat and aridity 
during the bloom and hence restricted in range 
of climatic adaptation. Thus, in very hot, arid 
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regions production is low and the fruits are un- 
desirably large and coarse. Shamouti is clearly 
not adapted to hot desert or semitropical climates. 
For reasons that are not clear, probably relating 
to both climate and rootstock, the commercial cul- 
ture of this variety is restricted to climaticall 
favored portions of the eastern end of the Med- 
iterranean basin. 

es to Oppenheim (1927, 1929), Sha- 
mouti originated some time prior to 1844 in an 
orchard near Jaffa, Palestine (now Israel), pre- 
sumably as a limb sport in a tree of the local 
or beledi variety (see also under Jaffa, p. 446). 
Its qualities were so outstanding that within a 
few decades it became the leading variety in 
Palestine and has maintained this position ever 
since. It spread to nearby countries and attained 
importance, notably in Lebanon, Turkey, and 
Cyprus. It was early exported to eae prin- 
cipally England, where it soon established a repu- 
tation for its size, quality, and seedlessness. Its 
distinctive shape provided a natural trademark. 
Currently, Shamouti is by far the principal variety 
of the Near East and one of the major varieties 
of the world. In addition to the countries already 
mentioned, it is the leading variety in Syria and 
is grown to some extent in Greece and Egypt. 
The 1965 production of this variety was estimated 
at not less than 20 million boxes. 

Although efforts were made early to estab- 
lish this highly reputed variety in both Califor- 
nia and Florida, the seed introduced apparently 
came from fruits of the seedy parent variety 
rather than the almost seedless Shamouti and 

ave rise to the Florida Jaffa and Joppa varieties 
ie Jaffa, p. 446, and Joppa, p. 446). This fact was 
not realized for many years, and it was not until 
about 1920 that the true Palestine Jaffa (Sha- 
mouti) was introduced. Thus far, it has not com- 
pared favorably in quality and productivity with 
other varieties. 

The evidence indicates that the Shamouti 
clone is highly unstable and prone to the occur- 
rence of limb sports. Thus, Oppenheim (1927, 
1929) and Chapot (1964c) report numerous in- 
stances of Shamouti trees containing branches 
that produce round, seedy fruits typical of be- 
ledi, and a few cases have been reported of 
beledi trees with Shamouti-like Limb sports. 
Chapot (1954, 1955b) reports the existence of 
four varieties in Lebanon, the names of which 
clearly suggest the likelihood of Shamouti origin. 
They are Shamouti or Iaffaoui Beledi, a seed 
Shamouti; Shamouti or Iaffaoui Maouardi, a sad 





HORTICULTURAL VARIETIES 


less blood Shamouti; Maouardi Beledi, a seedy, 
blood Shamouti; and Shamouti or Iaffaoui Mogh- 
rabi or Meski, an acidless, seedy Shamouti. Other 
varieties which markedly resemble Shamouti and 
are known to have originated from it include 
Kinariti or Kinnereth (Early Shamouti) and the 
pink-fleshed Sarah of Israel and Shamouti Masry 
(Egyptian Shamouti or Khalily White). (See Sha- 
mouti Masry, below.) Finally, it should be noted 
that Maltaise Blonde of North Africa, sometimes 
called Petite Jaffa, and Barile of Italy closely 
resemble Shamouti though their fruit is somewhat 
smaller (see Maltaise Blonde, p. 447). 


Shamouti Masry (Khalily White, Egyptian Sha- 
mouti) 


Fruit medium-large, ellipsoid to oval; seeds few 
or none. Color orange to deep orange. Rind medium-thick ; 
surface finely pitted and relatively smooth; peels readily. 
Flesh well-colored; juicy; flavor rich and sweet. Midseason 
in maturity. Indistinguishable from Shamouti. 

Tree moderately vigorous; leaves large; Shamouti- 
like in appearance; productive. 


This variety is said to have originated in the 
orchard of Moustafa Khalili in Kalioubiyah Prov- 
ince, Egypt; whether it occurred as a seedling 
or limb sport is not reported. It is preferred to 
Shamouti betause the tree is more productive 
and the fruit somewhat smaller and of finer 
texture. From descriptions it is evident that this 
variety and Maltaise Blonde or Petite Jaffa of 
North Africa are very much alike. 


Tomango 
See under Pigmented Oranges (p. 475). 


Valence san Pepins 
See under Cadenera (p. 444). 


Valencia (Valencia Late, Hart Late, Hart’s Tar- 
diff) (fig. 4-10) 


Fruit medium-large, oblong to spherical; areole 
ring faint or lacking; seeds few or none. Well-colored at 
maturity, but regreens thereafter under certain conditions. 
Rind medium-thick, tough, and leathery; surface smooth 
to faintly pebbled. Juice abundant and flavor good but 
commonly somewhat acid. Fruit holds exceptionally well 
on tree with little deterioration in quality and ships and 
stores well. Excellent for processing. Latest maturing of 
all commercial varieties. 

Tree vigorous, somewhat upright, large and pro- 
lific, but with alternate-bearing tendency. Very wide 
range of adaptation. 


This variety should not be confused with 
the Spanish Valencia Temprana and various seed- 
ling clones grown in the region of Valencia, Spain. 

The total heat requirement for maturity of 
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the Valencia orange is so high that only in the 
hottest regions is it satisfied prior to the succeed- 
ing bloom. In the United States, this usually 
occurs in Florida, the Lower Rio Grande Valley 
of Texas, and the low elevation desert areas of 
Arizona and California, where legal maturity is 
normally attained in January or February, though 
the fruit may be stored on the trees for several 
months thereafter, extending into or through the 
succeeding period of bloom. In regions of lower 
total heat, however, maturity is later and over- 
laps the bloom, sometimes by several months. 
As a consequence, in most regions where this 
variety is grown the trees normally carry two 
crops—the old, which is ripe or reasonably close 
to maturity, and the new, at any stage of bloom 
to half-grown or thereabout. In regions of mild 
winters and moderately low total heat during 
the growing season, such as the coastal belt of 
southern California, Valencia becomes a summer- 
ripening fruit, but with crops that alternate ap- 
preciably in amount and somewhat in fruit size. 
Because the fruit stores remarkably well on the 
trees without much dropping and little loss in 





Fig. 4-10. Valencia, the principal common orange variety. 
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quality, it is practicable in this cool, equable 
region to extend the harvesting season through 
the summer into fall and to ship tree-ripened 
Valencia oranges as late as October or early 
November—17 or 18 months from the time of 
bloom. 

Presumably associated with its very high 
total heat requirement and the relatively high 
acid content of the fruit is the fact that the 
Valencia orange exhibits the widest range of 
climatic adaptation of any orange variety of com- 
mercial importance. It is suitable for the heat- 
deficient, mild, subtropical climate of coastal 
southern California, the hot, low elevation desert 
regions of California and Arizona, the humid, 
semitropical climate of Florida, and tropical cli- 
mates in general. 

As might be expected, Valencia is there- 
fore much the most important variety of the 
common sweet orange group and seems cer! 
to remain so. It is of major importance in bo 
Florida and California and currently accounts 
for about half the total orange production of 
the United States. It is also of major importance 
in South Africa, Australia, and Mexico and of 
considerable importance in Israel, Algeria, Mo- 
rocco, and Brazil. In the 1965-66 season, produc- 
tion was 48.9 million boxes (90-Ib) in Florida and 
19.3 million boxes (75-Ib) in California and Ari- 
zona. Including production elsewhere, a conserva- 
tive estimate of the current world production of 
this variety would appear to be not less than 100 
million 70-pound box equivalents. In Florida, ap- 
arpa 80 per cent of the crop is processed 
or juice products, whereas in California about 
two-thirds is shipped fresh. 

The common assumption that this variety 
is of Spanish origin is not supported by the evi- 
dence. While varieties of similar appearance exist 
in the Valencia region of Spain and elsewhere, 
none is characterized by the lateness of maturity 
of Valencia. Berna, which approaches it in late 
maturity, is altogether different in other respects. 
Valencia Temprana, the only Spanish variety with 
the name Valencia, is an early ripening fruit of 
smaller size and flatter form that is no longer 
propagated (Gonzalez-Sicilia, 1963, pp. 198 and 
201). Moreover, Gonzalez-Sicilia states (1963, p. 
211) that the Valencia variety originated in the 
United States and was introduced into Spain by 
the Estacién Naranjera de Levante at Burjasot, 
near Valencia. 

The English nurseryman, Thomas Rivers 
of Sawbridgeworth, imported this variety from 
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the Azores Islands and catalogued it in 1865 
under the name Excelsior (Coit, 1915). About 
1870, he provided trees to S. B. Parsons, a Long 
Island Nurseryman, and in 1876 he sent trees to 
A. B, Chapman of San Gabriel, California. In the 
meantime, Parsons sold trees to E. H. Hart of 
Federal Point, Florida, where in 1877 the variety 
received the name Hart’s Tardiff. According to 
Webber (1943, p. 523), the trees received by 
Chapman were unlabeled and included several 
varieties, one of which proved to be late matur- 
ing and was provisionally called Rivers Late. A 
few years later Chapman changed the name to 
Valencia Late at the suggestion of a Spanish 
visitor who pronounced it similar to a late- 
maturing variety in the region of Valencia. It was 
not until several decades later that comparisons 
in California established the fact that these two 
indistinguishable varieties were identical and 
much later that this fact received recognition in 
Florida. 

While this variety can be traced back to 
the Azores, it seems unlikely that it originated 
there and probable that it came from Portugal. 
That likelihood has been greatly strengthened 
by the recent discovery there of an old varie 
that is indistinguishable from Valencia, whi 
has been named Don Joao (Galvao, 1943; Chapot, 
1963c). 

Byron O. Clark (1916) appears to have 
been the nurseryman most responsible for the 

pularization of the Valencia orange in Cali- 
ornia. The first commercial orchard was estab- 
lished near Placentia about 1880 when R. H. 
Gilman converted a young planting of five acres 
to the new variety by top-budding. The first 
carload of Valencia oranges oe to eastern 
markets, however, is reported to have been sent 
in 1877 by J. R. Dobbins of San Gabriel. 

Other varieties that are indistinguishable 
from Valencia include Lue Gim Gong and Pope 
of Florida, Natal of Brazil, Calderon of Argen- 
tina, and Harward of New Zealand. Two of 
these—Lue Gim Gong and Harward—are known 
to have originated as Valencia seedlings and 
doubtless represent nucellar selections of that 
variety. 

As would be expected in a clonal variety 
of such extensive propagation and wide distribu- 
tion, bud variation of Valencia has given rise to 
a number of mutant varieties, among which are 
Armstrong and Perry of California, Muden of 
South Africa, and Seedless Valencia of Australia. 
Ksiri, a seedless mutation, has recently been re- 
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ported in Morocco (Merle, Chapot and Huet, 
1964). 

For some decades past, clonal selections 
have been widely used in both Australia and 
California and presumably to some extent else- 
where. Those currently most popular in Australia 
are reported to be Berri, Lord Howe, and Nor- 
ton or Chaffee. These and St. Ives, a selection 
used in coastal New South Wales, all trace back 
to outstanding trees propagated from introduc- 
tions made by the Chaffey Brothers of California 
in the early 1890's for use in their nursery opera- 
tions at Mildura, Victoria. Another selection is 
Chapman, which came direct from California. 
Levitt reports that when grown side by side at 
the Narara Horticultural Research Station, New 
South Wales, these Australian clonal selections 
have been indistinguishable and without signifi- 
cant differences in performance or behavior.‘ 
Under the arid conditions of the lower Murray 
River Valley, however, they hold their color and 
juice qualities later into the summer and fall 
than other selections. 


The principal five old budline clonal selec- 
tions in California have been Azusa, Randall, 
Hardison, San Marino, and Sespe. The latter 
three closely trace back to the original tree at 
San Gabriel and are not more than two or three 
bud generations removed from it. Azusa is un- 
doubtedly not far removed from the original tree, 
but the parent tree is unknown. Randall is known 
to have introduced from Florida in 1903 as 
Hart's Tardiff, the name given to this variety 
there in 1877. Distinctive differences between 
these California clonal selections are not dis- 
cernible. 


In recent years, most of the trees planted 
in California have been of nucellar budlines, 
which are virus-free, more vigorous, and com- 
monly more productive. Currently the most pop- 
ular of these are Cutter, Frost, and Olinda. The 
latter two are indistinguishable, but Cutter ap- 
gk to be somewhat more vigorous, seaaniabey 

ecause of its more recent origin. Campbell is 
also popular and outstandingly vigorous. In the 
opinion of the writer, however, the parent clone 
differs from Valencia and constitutes a separate 
variety. 


Verna 
See under Berna (p. 443). 
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Vicieda (Viciedo) 


Fruit medium-small, short-oval; base with shallow 
radial furrows; occasional areolar ring; moderately seedy. 
Color light orange. Rind medium-thin and finely pebbled. 
Flesh color pale; texture somewhat fibrous; not very juicy; 
well flavored. Early midseason in maturity. 

Tree medium-large and moderately productive, 
but with marked tendency to alternate bearing. 


This old Spanish variety, which is also 
grown to some extent in Morocco and Algeria, 
is declining in importance in favor of superior 
varieties. 

An unnamed improved selection of Vicieda 
is recognized (Gonzalez-Sicilia, 1963) in which 
the basal radial furrows are lacking, the rind is 
thinner, smoother, and better colored, the flesh 
juicier, and the seed content lower. Indeed, there 
is reason for the conclusion that Vicieda consists 
of a group of clones, some of which are much 
better than others. 


Minor Common Orange Varieties.—Com- 
mon orange varieties of lesser commercial impor- 
tance or more local interest than those discussed 
in the preceding subsection are presented below. 


Arancio Barile 
See under Barile (p. 446). 


Armstrong (Armstrong Seedless Valencia, Mohn) 


Presumably a bud variation of Valencia, 
Armstrong is a Californian variety indistinguish- 
able from the parent except that the fruit is vir- 
tually seedless (very occasionally a seed). The 
parent budded tree was found about 1928 in 


’ the orchard of Pearl C. Mohn at Anaheim, Cali- 


fornia. The new variety was patented in 1935 
(Patent No. 124) and was introduced by the Arm- 
strong Nurseries of Ontario in 1939. It has not 
achieved much importance, ahaa pad because 
the parent variety is so nearly seedless (none to 
five or six seeds). 
Aziza 
This Moroccan variety is a beledi selection 
of unknown origin that was formerly of local im- 
rtance and has now been replaced largely with 
etter varieties. The fruit matures in midseason 
and is nearly seedless, medium-small, and oblong 
to oval, with a medium-thick, tightly adherent 
rind. The flesh is tender, melting, and of good 
flavor. The tree is moderately vigorous, some- 


4 Letter to the writer from E. C. Levitt, government citrus specialist of New South Wales, dated May 18, 1964. 
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what uprignt, and possesses an alternate bear- 
ing tendency. 


Bailidge 

The tree of the Bailidge variety is vigorous 
and productive, yielding an attractive, medium- 
large, very few-seeded, midseason-ripening fruit. 
As in the case of Clanor, this South African 
variety also traces back to old, layered, seedling 
orange trees, in this instance three adjoining and 
indistinguishable trees on the property of Bailey 
and Cumberlidge near Rustenburg in western 
Transvaal. The date of its selection and the per- 
son responsible are unknown. Late to come into 
bearing and mediocre in quality. Bailidge is no 
longer popular except in the eastern Cape Prov- 
ince region. 


Barile (Arancio Barile) 

This old Italian variety is of unknown 
origin and was never vay eaten except in the 
Adrano district, where it has been little planted 
for many years. Barile is a few-seeded, medium- 
sized, late midseason fruit that is distinctive in 
form in that it is oblong-oval with a furrowed 
neck or collar. The rind is of medium thickness, 
moderately pebbled, and bright orange in color. 
The flesh is firm and of agreeable flavor. Of 
medium vigor and size, the tree is not very pro- 
ductive. Chapot reports that this variety mark- 
edly emubles the Shamouti of Israel and is 
closely related, if not identical.5 


Best (Best Seedless) 


Best is one of a number of varieties of 
local origin or selection that are considered prom- 
ising in New Zealand. Such varieties currently 
comprise about 20 per cent of the sweet orange 
tidy Ss that country. Best is a virtually seed- 
less fruit of early midseason maturity and is 
characterized by the frequent presence of a navel, 
juicy flesh, and rich flavor. The tree is vigorous 
and productive. The variety originated as a root- 
stock seedling of unknown parentage on the 
property of a Mr. Best at Avondale, Auckland. 


Bibile (Bibile Seedless) 


A variety with seedless fruit of good rind 
texture and wae Bibile originated as a seed- 
ling in the Bibile istrict of Ceylon. It was found 
by A. V. Richards, government horticulturist, and 
named and introduced in 1949 (Richards, 1949). 
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Blanche de Teneriffe 
See under Tenerife (p. 463). 


Boone (Boone’s Early, Giddings) 

A very early ripening, light-colored, mod- 
erately seedy fruit of medium size and good 
flavor, Boone was popular in the early decades of 
the Florida industry but was soon superseded by 
Parson and Hamlin. According to Webber (1943), 
the fruit is highly variable, poorly colored, and 
drops badly following maturity. The variety is 
said to have originated as a seedling selected 
by a Mr. Giddings near Webster and was first 
propagated by David Collins of that locality 
under the name Giddings. It was promoted under 
its present name in 1889 by C. A. Boone of 
Orlando, but has not been planted for many 
years. 


Branca 
See under Prata (p. 462). 


Burton (Helen Burton) 


This South African variety produces a vir- 
tually seedless, high quality, medium-sized fruit 
of midseason maturity. The tree is vigorous, up- 
right-growing, large, densely foliated, and pro- 
ductive. Burton originated as a seedling of Cape 
Seedling parentage in a small planting originally 
owned by Mrs. Helen Burton at Clanwilliam, 
western Cape Province. The selection was made 
in 1954 by G. Joubert, field officer at Citrusdal for 
the South African Cooperative Citrus Exchange. 
This new variety is considered. promising aad a 
few young plantings currently exist in western 
Cape Province. 


Butler 


Fruit medium-large, oblong to ellipsoid; color 
light onan moderately seedy. Flesh juicy and well fla- 
vored. Early midseason in maturity. 

Tree vigorous, large, and productive. 


This Arizona variety apparently originated 
from seedlings imported from Florida about 1895 
and was found about 1915 in the orchard of 
Robert Butler near Phoenix. It was first propa- 
gated about 1925 and is currently the most pop- 
ular early season variety in central Arizona. 


Cadena Punchosa 


A moderately seedy, midseason Spanish 
variety that much resembles Cadenera, Cadena 
Punchosa is inferior in that the fruit is much 


5 Letter to writer from H. Chapot, dated March 24, 1964. 
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seedier. In addition, Gonzalez-Sicilia (1963) re- 
ports that the juice content is lower, the flavor 
less rich, and the season of maturity a little 
later. Chapot reports that in Morocco these dif- 
ferences are not evident. Cadena Punchosa has 
largely been replaced with less seedy varieties 
and is no longer planted.® 


Calderon 

This late-ripening Argentinian variety so 
closely resembles Valencia that the two are vir- 
tually indistinguishable. The fruit is medium- 
sized, well-colored, and has few seeds. The tree 
is vigorous, large, round-topped, and productive. 
A comparatively new variety, Calderon is re- 
ported to have originated as a chance seedling 
that came to notice in a seedling orchard near 
Resistencia, Chaco Province. It is rapidly increas- 
ing in popularity and during recent years has 
been planted extensively in Misiones Province 
and to some extent in ihe Concordia district of 
Entre Rios Province. 


Campbell 

This Californian variety is commonly and, 
in the opinion of the writer, erroneously called 
Campbell Valencia. The fruit is indistinguishable 
from Valencia, but the tree exhibits certain con- 
sistent, discernible differences in vigor and be- 
havior in comparison with Valencia. In trials of 
the two parent clones and of nucellar clonal bud- 
lines of comparable age, the trees of Campbell 
have consistently been more vigorous, thornier, 
larger, broader-topped, and slower to come into 
bearing than Valencia. The fruit has also been 
slightly lower in juice content than Valencia in 
the coastal region and has exhibited a greater 
tendency to regreen in the interior districts (Lom- 
bard, 1963). Moreover, in a trial at Santa Paula, 
Campbell is reported to have shown a higher, 
though small, percentage of fruits that were 
creased or of a chimeric nature. These differ- 
ences, however, might possibly relate to infection 
by the stubborn virus. 

The parent tree came to light about 1942 
in the Early Campbell orchard near Santa Ana, 
which was planted in 1871 (Bitters, Batchelor, 
and Foote, 1956). Almost certainly it was a 
seedling, for budded trees were little used at that 
time, which was five years before the introduc- 
tion of the Valencia variety in California. The 
possibility that the orchard could later have been 
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topbudded to Valencia is remote, for trees propa- 
gated from roots of this tree some years ago have 
shown no differences whatever from those propa- 
gated from the top. And, finally, there are the 
differences noted in the trials. 

During recent decades Campbell has 
been planted considerably in California. More 
recently, the Campbell nucellar budline has 
achieved popularity. This seedling is indistin- 
guishable from Campbell, but is more vigorous, 
thornier, and considered to be of nucellar origin. 
It was derived some time prior to 1942 by H. S. 
Fawcett at the Citrus Research Center, River- 
side, California. It should probably be called 
Fawcett Campbell. 


Capuchina (Capucin) 

This Spanish variety produces a medium- 
small, oblong to oval fruit of low seed content, 
very sweet flavor, and midseason maturity. Capu- 
china is still of local importance, primarily in the 
Orihuela district of Alicante Province, but it is 
no longer planted. 


Casa Grande (Oasis) 

Casa Grande is an early ripening, highly 
productive Arizona variety, the fruit of which is 
medium-small and moderately seedy. The tree 
is vigorous, upright, somewhat thorny, and yields 
heavily. 

The variety originated as a dooryard seed- 
ling in Casa Grande, attracted attention about 
1925, and was first propagated by C. J. Wood, 
who made a commercial planting in the Salt 
River Valley in 1930. A few small plantings have 
been made in recent years, but this variety seems 
unlikely to become important. 


Conner (Conner’s Seedless) 


The Conner is a medium-small, nearly 
seedless, midseason fruit. This variety, which is 
of exceptional tree vigor, originated as a seedling 
in the old orchard planted about 1879 near Glen- 
wood, Florida, from which the Hamlin Merle | 
came to light. Webber (1943) considers the Carl- 
ton variety identical to Conner. Conner was 
popular for some decades and old orchards still 
remain. 


Croc (Croc 25) 


This South African variety has a very 
early ripening, moderately seedy fruit of good 


6 Letter to the writer from H. Chapot, dated March 24, 1964. 
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flavor, and is of interest primarily because it 
originated as a limb sport in a Washington navel 
orange tree. Though seedier, it bears considerable 
resemblance to the Marrs variety of Texas, which 
is of similar origin. Croc came to light compara- 
tively recently in one of the orchards of the 
Crocodile Valley Citrus Estates near Nelspruit, 
eastern Transvaal, where the only commercial 
planting occurs. 


Cutter Valencia (Cutter Nucellar Valencia) 


This California nucellar seedling was de- 
rived about 1935 by H. S. Fawcett of the Citrus 
Research Center, Riverside, from an outstanding 
old Valencia tree in the J. C. Cutter orchard at 
Riverside. This seedling budline was released in 
1957 and is currently popular. Cutter is excep- 
tionally vigorous an horny and somewhat slow 
to come into bearing. 


Dacre 


Dacre is a local midseason variety in New 
Zealand. The fruit is medium to medium-small, 
low in seed content, juicy, and of good flavor. 
The tree is vigorous and productive. 

The variety originated as a seedling of 
unknown parentage on the wie fled of a Mr. 
Dacre in the Bay-of-Islands district of northern 
New Zealand. 


Delicious (Partin Delicious) 


An early maturing fruit with considerable 
resemblance to Parson, Delicious is smoother in 
rind texture, deeper in flesh color, and contains 
fewer seeds. The fruit also holds better on the 
tree without cropping or loss in quality. The tree 
is vigorous, unusually upright, and productive. 
According to Ziegler and Wolfe (1961), this Flor- 
ida variety traces back to a seedling of unknown 
origin that came to the attention of Clay S. Partin 
about 1900 and has been propagated ever since 
for use in the Partin family holdings. It was in- 
troduced commercially in 1958 by the Lilian S. 
Lee Nurseries of St. Cloud. It is considered to 
be promising. 


Delta 


This South African variety produces a 
seedless fruit of high quality that resembles the 
Valencia but matures somewhat earlier. The tree 
is vigorous and productive. Delta originated as 
a dooryard seedling. It is thought to be of Valen- 
cia parentage and was found in 1952 by A. Smith, 
Government Entomologist, at Rustenburg, west- 
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ern Transvaal. It is considered to be promising 
and has already been planted to some extent. 


Diller 

Fruit small to medium, oblong to slightly ellip- 
soid; seeds comparatively few. Color bright orange. Rind 
medium-thick and moderately pebbled. Flesh well-col- 
ored, juicy; flavor good. Early in maturity. 

Tree moderately vigorous; short, thick, upright- 
growing branchlets and leaves; productive under desert 
conditions. Said to be above average in cold tolerance. 


This Arizona variety originated as a seed- 
ling of Florida origin in the orchard of Daniel 
Diller near Phoenix and was selected in 1910 and 
introduced about 1920. It soon became popular 
as an early variety in the Salt River Valley, where 
the 1965 planting was said to be about 1,000 
acres. 

Diva 

The fruit of this late-ripening Brazilian 
variety is medium-sized, firm -but juicy, of good 
flavor, and contains very few seeds. It is said to 
on and keep well. The tree is of medium vigor 
and size, upright in growth, and only moderately 
productive. Of unknown origin and limited im- 
portance, Diva is considered to be promising. 


Don Joao 

This is a very late-ripening Portuguese 
variety that came to light in 1943 in the Don Joao 
quinta (orchard) near Beja (Galvao, 1943). It is 
so similar to Valencia that Eng. Bento Nasci- 
mento, director of an agricultural research sta- 
tion at Tavira in the important Algarve citrus 
region, lists it in a recent communication as a 
synonym for Valencia Late. 

Don Joao traces back ta two very old trees, 
the sole remaining survivors in 1943 of a larger 
planting. The fruit of these trees was very late 
in maturing and held well on the trees through 
summer without loss of eet The writer re- 
cently visited this orchard and found only one 
tree remaining. The tree is thought to be not less 
than eighty years old and may be older, although 
it has been neglected for many years, severely 
pruned, and does not look that age. 

The writer found young, bearing Don 
Joao trees alongside Valencia at both the Tavira 
and Setubal citrus research stations to be indis- 
tinguishable. He considers the possibility good 
that they are the same, since contrary to popular 
belief the evidence indicates that Valencia is like- 
wise of Portuguese origin or introduction (see Va-. 
lencia, p. 453). Don Joao has been much planted 
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in Portugal in recent years and on a small scale 
in Morocco (Chapot, 1963e). 


Du Roi 


Du Roi produces a medium-small, mod- 
erately seedy fruit and came into prominence in 
the early period of the Florida citrus industry, 
primarily because of its medium-late maturity. It 
was soon replaced by Valencia, however. Widely 
distributed to other countries, it achieved com- 
mercial importance principally in South Africa 
where old orchards still remain, though it has not 
been planted for some decades. 

The origin and history of Du Roi are 
obscure, but according to Webber (1943) it was 
probably introduced into Florida from the Medi- 
terranean basin by the Thomas Rivers Nursery 
of Sawbridgeworth, England. 


Early Shamouti 
See under Kinarti (p. 460). 


Enterprise (Enterprise Seedless) 


Enterprise produces a medium-small, 
commercially seedless, early ripening fruit. The 
variety was prominent in the early period of the 
Florida industry. It is still sparingly planted in 
Brazil, but has largely been replaced by Hamlin. 

Enterprise originated as a seedling in an 
orchard at Glenwood, Florida, near De Land. It 
was recognized as promising about 1880 and 
named for the nearby town of Enterprise. In arid 
climates, the fruit is too small to compete with 
other and better varieties. 


Escalon 


This Mexican variety produces a seedy, 
oe fruit of midseason maturity that has a 
smooth rind and good color and flavor. Escalon is 
believed to have originated as a seedling selection 
in Jalisco State, where it is currently the most 


popular variety. 
Folha Murcha 


This is a late-ripening Brazilian variety 
with fruit that markedly resembles the Valencia. 
The tree is moderately vigorous, upright in 
growth, with stout branchlets and large dark 
green leaves that give it some resemblance to 
Shamouti. The leaves, however, are rolled and 
appear to be wilted, from which the name (with- 
ered leaf) is derived. Folha Murcha is very pro- 
ductive. Of unknown origin and arene (si a 
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bud variation, this unusual variety is currently of 
minor importance but is considered promising. 


Frost Valencia (Frost Nucellar Valencia) 


Frost Valencia is a nucellar seedling de- 
rived about 1915 by H. B. Frost of the Citrus 
Research Center, Riverside, and released in 1952. 
Exceptionally vigorous and productive, it is the 
oldest of the California nucellar budline selec- 
tions and currently the most popular. 


Fukuhara 


This Japanese variety produces a mod- 
erately late-maturing, occasionally navelled fruit 
of medium size, deep color, high juice content, 
and rich, sprightly flavor (sugar and acid both 
high), with few seeds. The tree is vigorous, pro- 
ductive, and more cold-tolerant than other late- 
ripening varieties. 

Fukuhara was found by S. Fukuhara in 
Chiba Prefecture in 1922, but it was not until 
six years later that K. Noro called attention to 
its desirable features. While its parentage is un- 
known, it is believed to be a bud variation of 
the Joppa variety. It is grown to some extent 
on Kyushu Island and in Wakayama Prefecture 
of Honshu Island, where it is recommended as a 
late-maturing variety. 


Fuya Menuda (Hoja Pequenia, Oranger des 
Baleares, Oranger de Soller) 

An interesting Spanish variety, apparently 
originating in the Balearic Islands, Fuya Menuda 
is highly ornamental because all parts of the 
plant—tree, leaves, and fruit—are markedly re- 
duced in size. It constitutes the only truly dwarf 
sweet orange variety known to the writer. 


Giddings 
See under Boone (p. 456). 


Harward Late (Harward Valencia) 


This New Zealand variety is a seedling of 
Valencia with fruit that is indistinguishable from 
its parent. The tree is vigorous, large, and pro- 
ductive, and since its overall performance is 
thought to be superior it seems likely to replace 
Valencia in New Zealand. 

Harward Late originated at Tauranga and 
probably represents a clonal budline of nucellar 
seedling origin. The name Harward Valencia 
would therefore seem more appropriate. 


Hoja Pequena 
See under Fuya Menuda above. 
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Johnstone Valencia 


This South African clonal selection is an 
outstanding Valencia tree on the place of Mrs. 
J. Johnstone at Zuurplaats, near Rustenburg, 
western Transvaal. Reported to be the most 
popular South African selection currently in use, 
it scored highest in the Citrus and Subtropical 
Fruit Research Institute trial held at Alkmaar 
(Marloth, Basson, and Bredell, 1964). 


Jordan 


This Arizona variety resembles Butler but 
the fruit is less seedy. It was discovered about 
1925 in the orchard of Mrs. S. E. Jordan near 
Phoenix and was introduced about 1930. Of un- 
known parentage, it is thought to be either a 
seedling or bud variation of Butler and is finding 
favor as a substitute for it. 


Kinarti (Kinnereth, Early Shamouti) 

The Kinarti of Israel produces a Shamouti- 
like but smaller, smoother-skinned, and earlier- 
ripening fruit. The variety was found a few years 
ago as a limb sport of Shamouti in a small orchard 
in Kinnereth Colony near Lake Tiberias. Although 
of good quality, it bears poorly and has not 


achieved commercial importance. 


Kinnereth 
See Kinarti above. 


Ksiri 


This Moroccan variety is considered to be 
a bud mutation of Valencia (Merle, Chapot, and 
Huet, 1964), but the fruit is smaller and much 
flatter (subglobose to broadly oblate), the rind is 
smoother and more tightly adherent with a tend- 
ency toward persistence of the style, and seeds 
are completely lacking. The flesh is juicier and 
both sugars and acids are somewhat higher. The 
maturity season is fully as late as Valencia, pos- 
sibly somewhat later. The fruit holds well on the 
tree, which is less upright and vigorous than 
Valencia but with larger, broader, and more 
round-pointed leaves. 

Ksiri is a comparatively new variety that 
was found as a single tree in a young, bearing 
Valencia orchard in the region of Mechra Bel 
Ksiri. 


Lamb (Lamb’s Summer) 


Lamb is a very late-maturing Florida va- 
riety. The fruit is medium-small, ovoid to ellip- 
soid, contains very few seeds, and holds well on 
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the tree with little loss in quality. According to 
Webber (1943), this old variety originated as a 
seedling in the nursery of a Mr. Lamb in Volusia 
County and was named by a neighbor, E. O. 
Painter, who recognized its distinctive charac- 
teristics. It did not attain much importance and 
has not been planted for many years. 

It is of interest to note, however, that 
Moreira and Filha (1963) and other Brazilian spe- 
cialists have recently expressed the opinion that 
Pera, currently the principal variety there, is prob- 
ably the same as Lamb. 


Late Shamouti 

This late-ripening, Shamouti-like variety 
originated in Israel as a bud sport of Shamouti. 
Its history is not available to the writer. Because 
of its late maturity (approximately the same as 
Valencia), it is considered to be promising and 
is now under commercial trial in Israel. 


Letaba (Letaba Early) 


The South African Letaba variety produces 
a richly flavored, moderately seedy (as compared 
with Pineapple), medium-large fruit of early mid- 
season maturity. It is included here primarily 
because of its commercial importance in the ex- 
tensive plantings of the Letaba Estates in north- 
eastern Transvaal and because it is superior to 
Pineapple in important respects. Its origin is un- 
known, but a resemblance to Pineapple suggests 
that it is a selection of that variety. 


Lue Gim Gong 

This so-called Florida variety in all respects 
is indistinguishable from Valencia. In all proba- 
bility, it represents a nucellar clonal budline of 
that variety and hence should be called Lue Gim 
Gong Valencia. 

According to Ziegler and Wolfe (1961), at 
the time of its introduction in 1912 it was claimed 
to be a hybrid of Valencia and Mediterranean 
Sweet, made at De Land in 1886 by a Chinese 
gardener of that name. It was said to mature 
later than Valencia and hold better on the tree, 
neither of which claims have proven to be true. 
It is still planted to a limited extent in Florida, 
however. 


Mazizi 

See under Yousef Solimon (p. 463). 
Mediterranean Sweet (Sanford’s or Florida 
Mediterranean Sweet) 


This variety has medium-large, well-col- 
ored fruit of low seed content and late midseason 
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maturity. It was widely planted in Florida in the 
early period of the citrus industry and some old 
orchards still exist. According to Webber (1943), 
the variety was introduced by H. S. Sanford from 
Mediterranean Europe about 1875. Although the 
seasons of maturity are similar, it is altogether dif- 
ferent from the Garey’s or California Mediter- 
ranean Sweet, which appears to be the distinctive 
old Maltaise Ovale variety of the Mediterranean 
basin (see p. 447). 


Midknight (Midnight Valencia) 

Midknight is a virtually seedless, medium- 
large, somewhat oblong fruit of excellent quality 
and medium-late maturity. Marloth and Basson 
(1955) regard this South African variety as an 
early Valencia selection and it is commonly called 
Midknight Valencia. Since it ripens earlier than 
Valencia and does not fruit in clusters to the same 
degree, it is probably best considered a variety. 
The tree is moderately vigorous and upright- 
growing, with large, broad leaves, but not as pro- 
ductive as standard Valencia. 

It originated on the place of A. P. Knight 
at Summerville, Addo, eastern Cape Province, 
as a selection from a rather variable lot of budded 
trees ordered from Westfalia Estates (northern 
Transvaal) in 1927. Unfortunately, more than one 
clone seems to have been propagated under the 
same name, for two are now recognized—that 
characterized above and another of which the 
fruit is round and the tree less vigorous and 
more spreading. Neither clone is currently of 
much importance. 


Mohn 
See under Armstrong (p. 455). 


Moss 


This South African variety is a Cape Seed- 
ling selection made several decades ago by H. E. 
Moss of Grahamstown, eastern Cape Province. 
The fruit somewhat resembles Valencia but is 
seedier and ripens earlier. The parent tree is re- 
ported to have been about a century old at the 
time of its selection. It has not been planted much 
and is no longer recommended. 


Muden 


Muden produces a medium-small, com- 
paratively few-seeded, round fruit of midseason 
maturity. The tree comes into bearing very early 
and is regularly and heavily productive. The fruit 
does not hold well on the tree, however, and 
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fruit size diminishes appreciably as the tree ages. 
This South African variety originated as a limb 
sport of Valencia in an orchard of the Golden 
Valley Citrus Estate at Muden, Natal Province. 
Muden was found and first propagated in 1945. 
It was rather extensively planted at Muden and 
in eastern Cape Province for a time but has been 
little propagated in recent years. 


Oasis 
See under Casa Grande (p. 457). 


Olinda Valencia 


This California selection is a chance seed- 
ling, presumably of Valencia, found by H. J. 
Webber and L. D. Batchelor of the Citrus Re- 
search Center, Riverside, in the dooryard of O. 
Smith at Olinda in 1939 and released in 1957. 
It is indistinguishable from Frost Valencia and 
hence is considered to be of nucellar origin. 
Olinda is currently popular in California. 


Omana Jaffa 


Omana ee is a local selection of Jaffa 
that is currently popular in New Zealand as a 
late midseason variety. 


Oom Louis 


This South African variety is a medium- 
sized, comparatively few-seeded, globose to ob- 
long, very juicy fruit of midseason maturity. The 
tree is ee early bearing, and productive. 
Fruit quality is excellent on Empress mandarin 
rootstock but poor on rough lemon. Oom Louis 
originated as a chance seedling of Cape Seedling 
parentage on the property of the South African 
Railways near Hectorspruit station, eastern 
Transvaal, where it was selected by L. P. deVil- 
liers of Nelspruit in 1944. It has been planted 
commercially to some extent in eastern Transvaal. 


Oranger de: Baleares 
See under Fuya Menuda (p. 459). 


Oranger de Soller 
See under Fuya Menuda (p. 459). 


Ovaletto di Calatafimi 


This is a long-oval, late-maturing, usually 
seedless fruit of medium size and good quality. 
The variety came to notice in the Calatafimi dis- 
trict near Tropani, Sicily, sometime between 1910 
and 1920. It is considered to be a derivative, 
probably a bud mutation, of the Calabrese Ovale 
variety (Fatta Del Bosco, 1963). 
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Pajarita (Pajarito) 

The Pajarita of Spain is a moderately 
seedy, medium-small, comparatively thick-rinded 
fruit of relatively low juice content, mediocre 
quality, and midseason maturity. It is an old 
variety that has long been replaced with better 
varieties. 


Paperrind (St. Michael, Paper Rind 
St. Michael, San Miquel) 


The fruit of this midseason California vari- 
ety is small-sized, moderately seedy, juicy, and 
well-flavored. The rind is very thin, leathery, 
and smooth. The tree is vigorous, upright, and 
productive. 

Said to have originated on the Island of St. 
Michael, Azores Islands, presumably as a seed- 
ling, this variety was named and introduced about 
1870 by T. A. Garey, pioneer citrus nurseryman of 
Los Angeles. Along with Garey’s Mediterranean 
Sweet, which ripens earlier, it soon attained im- 
portance as a midseason variety filling the gap 
between the early Washington navel and the late 
Valencia oranges. As the California industry ex- 
panded with overlapping production of the latter 
two superior varieties, the popularity of Paperrind 
and Mediterranean Sweet declined and both have 
now virtually disappeared. Although widely dis- 
tributed to other countries, Paperrind seems to 
have achieved importance elsewhere only in Mex- 
ico, where it is known as San Miquel. 


Partin Delicious 
See under Delicious (p. 458). 


Paterson (Paterson River) 


The Paterson is an Australian selection of 
Parramatta Seedling that originated on the Pater- 
son River near Maitland, New South Wales. Char- 
acterized by uniformity in shape and quality, this 
variety became popular following World War I, 
but has largely been replaced by the Washington 
navel. Commercial plantings have not been made 
for several decades, although some old orchards 
still remain. 


Peret (Berna Peret, Vernia Peret, Pereta) 


A comparatively new, late-maturing seed- 
less variety, the fruit of Peret of Spain is indistin- 
guishable from Berna, but according to Gonzalez- 
Sicilia (1963) colors earlier and more intensely 
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and is juicier and sweeter. These differences have 
not been confirmed in limited comparisons in 
Morocco.” The tree is said to be more vigorous, 
larger, and more regularly productive than Berna 
but somewhat less cold-resistant. 

This variety is reported to have been 
found in an old seedling orchard in the Vergel 
district of Alicante province about 1911, but it 
was not propagated and promoted until much 
more recently. It is currently planted to some 
extent in northern Alicante and southern Valen- 
cla provinces. 


Perry 

The Perry of California is a limb sport of 
Valencia with fruit which is deeper in color 
(reddish-orange) and matures somewhat later. It 
originated in the Perry orchard at Fillmore and 
was discovered by Howard Lorbeer of that com- 
munity about 1956. It 2 igs to be promising 
and is currently under trial. 


Plaquemines 


This Louisiana variety is a seedless bud- 
sport of Pineapple. The two varieties are indis- 
tinguishable in appearance, but the fruit of 
Plaquemines averages slightly smaller, the rind 
is a little thicker, and maturity is somewhat later. 

The Plaquemines variety is one of twenty- 
three limb variations found in Pineapple trees at 
the Magnolia Orange Grove near Port Sulphur, 
Plaquemines Parish, and put under study in 1948. 
Propagated soon thereafter and fruited for some 
years, it was released by the Louisiana Agricul- 
tural Experiment Station in 1960 (Hawthorne et 
al., 1960). 


Prata (Branca) 


Prata produces a medium-large, spherical, 
highly seedy fruit of good flavor. The distinctive 
feature of this variety and reason for its inclusion 
here lies in its pale yellow color. It is an old 
variety of very limited importance in Spain and 
Portugal, found elsewhere only in collections. 


Robinhood (Robin Hood) 


This South African variety produces a 
medium-sized, oblong to slightly oblique, virtu- 
ally seedless, very juicy fruit of excellent quality 
and midseason maturity. The tree is vigorous and 
productive. Robinhood traces back to a budded 


7 Letter to the writer from H. Chapot, dated March 24, 1964. 
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parent tree of the Jaffa type on the farm of a 
Mr. Pursglove in the Karino area of eastern 
Transvaal, which he recognized as superior and 
decided to propagate several decades ago. Be- 
cause of budunion “crease,” it should be grown 
on rootstocks other than rough lemon. A few 
commercial plantings exist in the Lowveld por- 
tion of the region of its origin. 


St. Michael 
See under Paperrind (p. 462). 


San Miquel 
See under Paperrind (p. 462). 


Seedless Valencia 


This Australian variety is a bud variation 
of Valencia that differs from it in that the fruit 
is more oblong or oval in form, less seedy (occa- 
sionally one or two seeds), and matures earlier 
(late midseason). The tree is vigorous and upright 
with large leaves that tend to be bunched, giv- 
ing it a distinctive appearance, and is strongly 
alternate-bearing. 

Seedless Valencia is said to have been dis- 
covered in the orchard of W. Eathers at North 
Richmond, New South Wales, between 1920 and 
1925. Limited commercial production occurs in 
Gosford and other districts near Sydney, but this 
variety is unlikely to increase much in importance 
because of its alternate crop habit. 


Siletta 
See under Seleta (p. 451). 


Tenerife (Blanche de Teneriffe) (fig. 4-11). 


The Tenerife variety of Spain produces a 
medium-sized, moderately seedy, midseason fruit 
of good quality that is pale yellow in color rather 
than orange. An old variety that appears to have 
originated in the Canary Islands, it early spread 
to other countries. In several countries, Tenerife 
has received favorable reports, but nowhere has 
it become commercially important. Currently, it 
is considered to have promise in Egypt. 


Torregrosa 


A moderately seedy, midseason fruit that 
resembles Cadena Punchosa, the Spanish Torre- 
grosa is inferior in that it is somewhat smaller, 
the rind is much thicker, the juice content is 
lower, and the flavor more acid. It was long ago 
replaced with better varieties. 
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Trovita 


This California variety is believed to be 
a Washington navel orange seedling. The fruit is 
early maturing, medium-small, few-seeded, juicy, 
and pleasantly flavored. The tree is vigorous, 
upright-growing, and productive, but with a 
tendency to alternate bearing. 

Trovita originated as a seedling from a 
fallen fruit, presumably of Washington navel, at 
the Citrus Research Center, Riverside, California, 
in 1916 and was released in 1935. It was selected 
in 1928 and described and named by H. B. Frost, 
the name being Esperanto for “found.” In com- 
parison with the pea variety, the fruit is 
smaller, juicier, and of milder flavor. The tree 
is more productive under desert conditions. Tro- 
vita has achieved little importance in California, 
but is said to be promising as an early juice 
variety in the Negev region of Israel and else- 
where. 


Valencia Temprana 


This Spanish variety produces a virtually 
seedless, small-sized, juicy fruit of good flavor 
that is early midseason in maturity. It was ane 
ago replaced with better varieties and is includ 
here because it is the only Spanish variety of 
that name and obviously altogether different from 
the California-named Valencia variety of world- 
wide importance. 


Westin 


The fruit of this Brazilian midseason vari- 
ety is medium-small, virtually seedless, Lae 
weil-colored (deep orange), juic , and richly fla- 
vored (relatively high acidity). The shipping qual- 
ity is reported to be good. The tree is vigorous, 
spreading, a and very productive. 

Formerly known as Clementina, to avoid 
confusion with the well-known Clementine man- 
darin, it was recently renamed in honor of Pro- 
fessor Philippe Westin Cabral de Vasconcellos 
and is considered to be among the most promis- 
ing midseason varieties for Brazil. 


Yousef Solimon (Mazizi) 


This Egyptian variety produces fruit simi- 
lar to the Egyptian baladi, but it is less seedy, 
the rind is thinner and of smoother surface tex- 
ture, the flesh is juicier and richly sweet with less 
acid, and the fruit is earlier in maturity (early mid- 
season). The tree is moderately vigorous, medium- 
large, and upright-growing, with somewhat sparse 
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foliage that consists of long, narrow leaves. Yousef 
Solimon is an irregular and poor bearer. 

This variety was found in a baladi seed- 
ling orchard in Upper Egypt owned by Yousef 
Solimon ‘and is popular in the local markets be- 
cause of its rather distinctive flavor. 


Zegzel 

This Moroccan variety is a midseason, 
seedling clone. The fruit is medium-sized, sub- 
globose to round, well-colored, and seedy, with 
rougn’y pebbled, iy peeled rind of medium 
thickness and juicy flesh of good flavor. The fruit 
holds well on the tree, with little loss in quality 
though with some puffing of the rind. The tree 
is vigorous, highly productive, upright-growing 
and large, with dense foliage consisting of large 
leaves. 

An old beledi selection that originated in 
the Zegzel Valley of eastern Morocco, Zegzel for- 
merly was of considerable importance and ex- 
ported to Europe. The variety is now only of local 
popularity and no longer peepee It is of in- 
terest to note that Zegzel has been grown almost 
entirely as seedling trees. 


Sugar or Acidless Oranges 


The a es or acidless oranges are a small 
group of very low acid varieties that corresponds 
to the sweet lemons, limettas, and limes be- 
cause of their lack of acidity, their insipidly 
sweet flavor, and the presence on the seeds of 
a cream-colored chalazal spot, which is darker 
on the more acid forms of citrus and chestnut- 
brown for the common sweet oranges (Chapot 
and Praloran, 1955). 

They are variously referred to as the 
doucedtre or douce (France), sucrefia (Spain), 
Maltese or dolce (Italy), meski (North Africa and 
the Near East), moghrabi (Near East), lokkum or 
Tounsi (Turkey), succari (Egypt), and lima (Bra- 
zil) oranges. With the exceptions given above, 
they are indistinguishable from the common 
sweet orange and several have marked resem- 
blances to certain varieties of that group.’ There 
is at least one acidless navel orange variety, how- 
ever—Bourouhaine Meski of Tunisia, and a pink- 
fleshed acidless variety, Vainiglia Sanguigno of 
Italy. It has recently been shown, however, that 
this latter variety is not a true blood orange since 
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the principal pigment involved is the carotenoid 
lycopene rather than an anthocyanin (Huet and 
Chapot, 1964). The Mosambi variety of India has 
sometimes been regarded as a member of the 
sugar orange group, but the dark brown color of 
the chalazal spot indicates otherwise. 

_ Several independent origins are suggested 
for the sugar orange since at least three varieties 
so closely resemble varieties of the sweet orange 
as to strongly suggest a close relationship. Thus, 
Shamouti Meski appears to be an acidless form 
of the famous Shamouti variety of the Near East, 
Maltaise Meski a non-acid form of the Maltaise 
Blonde of unknown origin, and there can scarcely 
be doubt that Bourouhaine Meski is a derivative 
from Bourouhaine of Tunisia. 

Because of the extremely low acidity of the 
flesh, sugar oranges attain edibility as soon as 
the juice content is moderately well developed 
and hence are the earliest to reach the local 
markets. Moreover, their peculiar flavor is rel- 
ished in most Arabic-speaking countries and to 
some extent in Spain and Portugal and their for- 
mer colonies. As a consequence, their culture has 
remained profitable, although they are obviously 
not suitable for export to major population cen- 
ters of Europe or the United States. In the 
Mediterranean area, Spain and Egypt are the 
countries where their culture is most important, 
and in the Western Hemisphere they are popular 
in Brazil and Mexico. This type of orange may 
eventually prove to be valuable for breeding pur- 
poses (Soost and Cameron, 1961). 

Major Sugar Orange Varieties.—The vari- 
etal situation for both major and minor sugar or- 
ange varieties is most uncertain, yet it is clear 
there are a number of varieties, only a few of 
which are sufficiently distinctive to be identifiable 
with certainty. To judge from the writer's per- 
sonal knowledge and descriptions in the litera- 
ture, the variety most widely grown and hence 
most important occurs under many local names 
which in reality are synonyms. It is therefore his 
opinion that some of the characterizations given 
below almost certainly relate to the same horti- 
cultural variety. 


Canamiel 
See under Sucreiia (p. 469). 


(Text resumes on page 469) 


8 Chapot and Huet (1964) recently reported differences in the shape of the seeds, which are deltoid with a pro- 
nounced beak at the chalazal end for the acidless oranges. They also noted minor differences in flesh color and aroma. 
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Fig. 4-11. Tenerife, a yellow-colored orange variety of the Canary Islands. ( Photo 
by H. Chapot. ) 


Fig. 4-12. Sucrena or Imperial, the principal sugar or acidless orange variety of 
Spain. Rind somewhat thicker than typical. ( Photo by H. Chapot. ) 
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Fig. 4-13. Doblefina, an old light-blood orange of Spain formerly of great impor- 
tance but now being replaced by better varieties. (Photo by H. Chapot. ) 


Fig. 4-14. Doublefine Ameliorée or Washington Sanguine, a comparatively recent 
light-blood variety of Spanish origin currently of principal importance in Morocco and 
Algeria. (Photo by H. Chapot. ) 
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Fig. 4-15. Moro, a major deep-blood orange variety of Italy. (Photo by H. Chapot. ) 


Fig. 4-16. Sanguinello Moscato, probably still the leading light-blood orange va- 
riety of Italy. (Photo by H. Chapot. ) 
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Figure 4-17. Spanish Sanguinelli, a new deep-blood orange variety that is rapidly 
increasing in importance. (Photo by H. Chapot. ) 


Fig. 4-18. Tarocco, a leading deep-blood orange variety of Italy. (Photo by H. 
Chapot. ) 
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Dolce 
See under Vainiglia below. 


Grano de Oro 
See under Sucrena below. 


Imperial 

See under Sucrenia below. 
Lima 

Fruit medium-small, spherical to subglobose; 
seeds comparatively few. Rind medium-thick; surface 
slightly rugose; color light orange. Flesh color light yellow; 
tender and juicy; flavor insipid because of lack of acid. 
Very early in maturity. 

Tree vigorous, large with dense foliage, and 
highly productive. 

Lima is said to be the most important of 
the three non-acid orange varieties grown in Bra- 
zil, where this fruit is so highly appreciated that 
it currently constitutes about 10 per cent of the 
plantings. It is accorded particular dietary values 


for adults and is reported to be especially popular 
with children. 


Maltese 
See under Vainiglia below. 


Mosambi 
See under Mosambi (p. 447). 


Real 


See under Sucrena below. 


Succari (Sukkari) 


Fruit small to medium-sized, somewhat oblate to 
globose; seedy. Rind medium-thick and surface relatively 
smooth. Good color at maturity. Flesh color pale and juice 
abundant, but almost devoid of acid. Sugar-acid ratio of 
90-100:1 at maturity. Matures eae | (October-December). 

Tree vigorous, upright, and productive. 


Of unknown origin, Succari has long been 
popular in Egypt and is of considerable commer- 
cial importance. 


Sucrefia ( Imperial Grano de Oro, Real, 
Canamiel) (fig. 4-12, p. 465) 


Fruit medium-small, variable in form, but pre- 
vailingly subglobose to spherical; moderately seedy, 
See t cream-colored. Rind medium-thick and mod- 
erately pebbled. Well-colored at full maturity. Flesh color 
good at full maturity at which stage juice content is mod- 
erately high. Flavor insipid owing to lack of acidity. Of 
comparatively short season, it is commonly harvested 
prior to full maturity, at which stage color is pale and 
juice content and quality poor. Earliest of all oranges. 


Google 


469 


Tree vigorous, somewhat upright, medium-large, 
and productive. 


This variety is grown in Spain under a 
number of names, which reflects the fact that it 
has considerable local use though minor eco- 
nomic importance. The fruit is said to be dis- 
tasteful to most palates but much appreciated by 
those accustomed to it or intolerant of acid. The 
vitamin C content is reported to be not appre- 
ciably lower than in other oranges. 


Sukkari 
See under Succari above. 


Vainiglia (Vaniglia, Maltese, Dolce) 

Fruit medium-small to medium, subglobose to 
spherical; small apical depression; seedy. Rind medium- 
thick and finely to moderately pebbled. Well-colored at 
maturity. Juicy and sweet flavored but lacking in acid and 
with slight bitterness, though eating quality generally im- 
proves with age. Very early in maturity. 

Tree vigorous, medium-sized, and very produc- 
tive. 


In Italy, this variety is very old and is 
thought to be of local origin. Because of its in- 
sipidly sweet and faintly bitter taste, the demand 
for Vainiglia is said. to be very limited and en- 
tirely local. 

Of special horticultural interest is the pre- 
sumption that it gave rise to the unique, pink- © 
fleshed, non-acid Vainiglia Sanguigno variety, 
which is not a true blood orange. 

The similarities reflected in the characteri- 
zations of the four varieties discussed in this 
subsection are such as to make it highly likely 
that they represent a single clone. 


Minor Sugar Orange Varieties.—The fol- 
lowing seven sugar orange varieties appear to be 
the best known among those of local importance. 


Bourouhaine Meski 


This is a Tunisian variety which Chapot 
and Huet (1964) state is an acidless form of the 
distinctive Bourouhaine navel orange variety, be- 
lieved to be native to that country. 


De Nice (Orange de Nice) 


This sugar orange, a variety of the French 
Riviera, is so similar to the Succari of Egypt and 
Meski of Tunisia as to be indistinguishable to 
the writer. 


Iaffaoui Moghrabi 
See under Shamouti Meski (p. 470). 
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Meski 

According to Chapot and Huet (1964), 
Meski is a Moroccan variety. The writer found 
it indistinguishable from the De Nice of France, 
Succari of Egypt, Moghrabi of Lebanon, and the 
common Meski of Tunisia. 


Maltaise Meski 

This is a non-acid Tunisian variety that 
Chapot and Huet (1964) state is otherwise in- 
distinguishable from the highly distinctive Mal- 
taise Blonde (Petite Jaffa) variety. 


Orange de Nice 
See under De Nice (p. 469). 


Piralima 


Lima but the fruit is reported to be somewhat 
flatter in form, the rind surface smoother and 
paler in color, the seed content a little lower, 
and the tree somewhat more productive. Of 
considerable importance and second to the Lima 
in Brazil, Piralima is a selection of Lima made 
in the Piracicaba area by Professor P. Westin 
Cabral de Vasconcellos. 


Serrana 


The Serrana of Brazil is a smaller, oval- 
shaped, and less juicy fruit than Piralima, with 
a thin, very smooth rind. 

It is reported to be an unstable clone, pre- 
sumably chimeric in nature, that occasionally 
gives rise to limb sports which produce fruits 
of quite different characteristics. Considered to 
be of local origin, the Serrana is of limited 
importance. 


Shamouti Meski or Shamouti Moghrabi 
(Iaffaoui Moghrabi) 

Chapot (1954) reports that this Lebanese 
variety is indistinguishable from the famous Sha- 
mouti (Palestine Jaffa) except that it is seedier 
and almost tasteless. 


Pigmented Oranges 
The pigmented oranges are the blood or- 


anges of the Mediterranean basin (sanguina of 
Spain, sanguine of French-speaking countries, 
and sanguigna and sanguinella of Italy). They 
differ in appearance from the common sweet 
oranges only because under certain conditions 
the fruit usually exhibits pink or red coloration 
in the flesh and juice and on the rind. The blood 


Google 


This Brazilian variety is much like the 


THE CITRUS INDUSTRY 


oranges, in general, are characterized by a some- 
what distinctive flavor that is much appreciated 
by connoisseurs and causes certain varieties to 
be regarded as among the most delicious of or- 
anges. The coloration of the blood oranges is 
associated with the development of anthocyanin 
pigments, whereas the pink and red coloration 
in the pigmented grapefruits is caused principally 
by the carotenoid pigment lycopene. These pig- 
ments tend to deteriorate during processing and 
impart a muddy color to the juice. 

Most blood orange varieties appear to have 
originated in the Mediterranean basin, probably 
first in Sicily or Malta where they have been 
known for several centuries. Although grown to 
some extent in many of the Mediterranean coun- 
tries, their commercial culture is confined prin- 
cipally to Italy, Spain, Algeria, Morocco, and 
Tunisia. They enjoy high favor in European 
markets in general and are especially popular in 
central and northern Europe. The lack of de- 
pendability of blood coloration development in 
most varieties, however, is currently an impor- 
tant handicap and, together with technical dif- 
ficulties in processing the juice, constitutes the 
principal deterrent to expansion of their culture. 
Neither the producer nor the marketing agency 
can guarantee to provide the consumer with 
a uniform product with respect to either inter- 
nal or external pigmentation, which is obviously 
requisite to standardization. 

The conditions responsible for the devel- 
opment of the blood coloration are not well un- 
derstood and may differ somewhat for the flesh 
and rind. It is clear that a certain amount of heat 
is a requisite, for intense coloration does not occur 
in the cool equable coastal region of southern 
California. Color development is much less reg- 
ular and intense in humid climates, such as Flor- 
ida, than in arid climates such as the inland valleys 
of California where the diurnal fluctuations in 
temperature are much greater. Cold storage 
materially intensifies flesh coloration. Whereas 
moderate insolation seems to favor color devel- 
opment on the rind, intense sunlight appears to 
prevent or destroy it. As a consequence, rind 
coloration is usually best on less exposed or 
partially shaded fruit. In general, therefore, blood 
coloration in the flesh is most certain and intense 
in hot, dry, interior districts of the subtropics and 
rind coloration is best on non-exposed fruit. That 
nutritional or other factors may be involved, how- 
ever, is suggested by the observation that pigmen- 
tation is sometimes more intense on the fruit pro- 
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duced by trees on a particular rootstock and on 
trees of other kinds of citrus converted to blood 
oranges by topgrafting. 

Under comparable conditions, however, 
some varieties are more dependable in the de- 
velopment of the blood voloration than others 
and exhibit more intense pigmentation. Those 
varieties in which blood coloration is most regu- 
larly and strongly expressed are commercially 
preferable and constitute the deep blood group 
(sanguine of French-speaking countries). The con- 
clusion that the deep blood varieties form a 
natural group has been materially strengthened 
recently by the studies of Chapot (1963e). Chapot 
reports that the three varieties most certain of 
blood coloration under a wide variety of condi- 
tions and most intense in pigmentation under 
favorable conditions—Spanish Sanguinelli, Ta- 
rocco, and Moro—exhibit purplish-red coloration 
of the chalazal spot. In contrast, the other blood 
varieties available for comparison showed chala- 
zal spot coloration not significantly different from 
the normal chestnut-brown of non-blood oranges. 
The less dependable and usually less intensely 
pigmented varieties comprise the light blood 
group (sanguinello of Italy, demi-sanguine in 
French) and are much more numerous and highly 
variable in behavior. 


Blood oranges have originated in three, 
widely separated areas of the Mediterranean 
basin, giving rise to three regional groups, in 
two of which parental relationship is either 
known or indicated. As described aid character- 
ized by Chapot (1963e), these groups are as 
follows: 


The Ordinary Blood Oranges.—This is the 
oldest group, almost certainly of Sicilian origin, 
the fruits of which are similar to the common 
sweet orange with the exception of the blood 
iu a It includes the very old Sangui- 
nello Comune and Maltaise Sanguine varieties, 
many other light blood oranges, and the much 
younger Moro and Tarocco deep blood varieties. 

2. The Doblefina Varieties.—This group 
originated in Spain with the Doblefina (Doble 
Fina) variety, the parentage of which is un- 
known, and all members are derivatives from it 
and exhibit many of its highly distinctive charac- 
teristics (see p. 472). It consists of the relatively 
old parent variety Doblefina, Entrefina, the fairly 
new Doublefine Ameliorée (Washington San- 
guine), and the very new deep blood Spanish 
Sanguinelli varieties. 
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3. The Shamouti or Palestine Jaffa Blood 
Oranges——This group, smallest of the three, 
originated in Lebanon or Syria. Each member is 
identical with its parent variety with the excep- 
tion of the degree of blood pigmentation. It con- 
sists of Shamouti Maouardi, a light blood Sha- 
mouti, and Maouardi Beladi (Damawi), a light 
blood form of the beladi orange, which gave rise 
to Shamouti (see p. 451). 

Mention should perhaps be made also of 
two pink-fleshed orange varieties in which the 
coloration is caused by the carotenoid pigment 
lycopene instead of an anthocyanin. Huet and 
Chapot (1964) have recently reported this to be 
the case in the old Vainiglia Sanguigno variety 
of Italy, and Monselise and Halevy (1961) have 
found a similar situation in the new Sarah variety 
of Israel, which originated as a budsport of 
Shamouti. 

While specific statistics are not available, 
Burke (1961) reported that blood oranges com- 
prised 42 per cent of the Spanish orange produc- 
tion in 1961. Competent observers have estimated 
that this percentage is higher in Italy. Allowing 
for the production in Algeria, Morocco, and Tu- 
nisia, a conservative estimate of the 1965 com- 
mercial production of pigmented oranges ap- 
peared to be not less than 30 million boxes cot 
equivalents), and probably more. Moreover, from 
the trends of recent years, production may be 
expected to increase significantly in both Spain 
and Italy. Because of the pigmentation of the 
juice, the blood oranges are not well adapted 
to processing and must therefore be marketed 
fresh 

Some more or less general practices, 
unique to the production of blood oranges, may 
be noted. In some districts in North Africa, dif- 
ferential harvesting reportedly is employed to 
separate the pigmented fruits from the non- 
‘Suerte The most practicable means of such 

arvesting is said to consist of picking the north 
and south sides of the trees separately. A highly 
restricted practice which is said to be used bene- 
ficially by some growers in West Pakistan con- 
sists of shading the lower portion of the trees 
by means of a tall, rapid-growing covercrop such 
as sesbania (Sesbania exaltata). This is reported 
to appreciably increase the percentage of pig- 
mented fruits. 


Major Pigmented Orange Varieties.—The 
principal pigmented orange varieties of the world 
are presented below. 
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Belladonna Sanguigno 
See under Moro (p. 473). 


Blood Oval 
See under Doblefina below. 


Bloodred (Blood Red Malta) 


Bloodred is a seedy, light blood orange of 
very good flavor, but without distinctive char- 
acteristics, that is widely grown in the Punjab 
region of India and West Pakistan and is much 
prized there and in northern India. The develop- 
ment of blood coloration is highly variable and 
uncertain and is best in the submontane districts, 
where the fruit attains good color and excellent 
flavor. 


The origin of this variety is unknown but 
almost certainly it came from the Mediterranean 
basin. 


Calabrese Sanguigno 
See under Tarocco Liscio (p. 475). 


Doblefina (Oval Sangre, Sanguina Oval, Rojo 
Oval, Sanguine Ovale, Morlotte, Blood Oval) 
(fig. 4-13, p. 466) 


Fruit medium-small to small, oval to oblong; vir- 
tually seedless. Yellowish orange at maturity, more or less 
densely blushed with rose-colored flecks. Rind medium- 
thick, firm and leathery; surface very smooth and fine- 
textured; tightly adherent (difficult to peel). Flesh firm and 
moderately juicy, with pink flecks scattered more or less 
throughout; distinctive fragrance and mild, pleasant flavor. 
Fruit hangs poorly on tree and drops badly, but ships and 


stores unusually well. Late midseason in maturity. 


Tree small and somewhat lacking in vigor, see 
ing and open in growth habit; foliage sparser and lighter 
green than most. An early and heavy bearer. 


Aside from its short season, lack of juici- 
ness, and other faults, the Doblefina variety is 
highly variable and uncertain with respect to 
development and intensity of the blood colora- 
tion, which is often deficient or lacking. When 
well developed, however, the fruit is attractive. 


Of unknown Spanish origin, Doblefina was 
for many decades the principal blood orange 
variety in Spain and was favorably known in 
European markets. It has been losing ground for 
some years, however, to other varieties of better 
color and richer flavor, particularly its derivative, 
Spanish Sanguinelli. It is of interest to note that 
three blood orange varieties—Entrefina, Double- 
fine Amelior¢e, and Spanish Sanguinelli—have 
originated as budsports from Doblefina. 
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Doublefine Ameliorée (Grosse Sanguine, Wash- 
ington Sanguine, Washington Sangre, Pedro Vey- 
rat) (fig. 4-14, p. 466) 


Fruit medium-large, oval to oblong, often asym- 
metric; commonly with persistent style or small shallow- 
embedded navel; seeds few and rudimentary or none. 
Under favorable conditions external blood coloration good 
(better than Doblefina). Rind medium-thick, moderately 
smooth, and not as tightly adherent as in Doblefina. 
Flesh moderately juicy, but blood coloration commonly 
poor or lacking. Flavor good. Holds well on tree (ve 
much better than Doblefina) and stores and ships as well 
or better. Late midseason in maturity. 

Tree lacking in vigor, small, very precocious, and 
productive. 


This relatively new variety is said to have 
originated as a limb sport of Doblefina that was 
found by Balthazar Ferrer at Sagunto, Spain. It 
has remained a minor variety in Spain, but is cur- 
rently the leading blood orange variety in Algeria 
and Morocco. The blood coloration is variable 
and uncertain and lacking in the Atlantic coastal 
districts of Morocco. 


Entrefina (Inglesa) 


Fruit small, globose to very slightly oval; seeds 
very few. Color similar to Doblefina, but even less certain 
in development of blood coloration. Rind surface less 
smooth than Doblefina, but flesh somewhat juicier and 
fruit holds better on the tree. Late midseason in maturity. 

Tree said to be more vigorous, larger, and more 
productive than Doblefina and less subject to dropping of 
the fruit. 


Entrefina is generally considered to be 
a subvariety or selection of Doblefina, with which 
it is often confused. Because of its smaller size 
and less attractive appearance, this variety com- 
mands lower prices than Doblefina and has lost 
materially in importance. 


Grosse Sanguine 
See under Doublefine Ameliorée above. 


Inglesa 
See under Entrefina above. 


Maltaise Sanguine (Portugaise) 


Fruit medium-sized, oblong to globose; seeds few 
to none. External blood coloration well developed under 
favorable conditions. Rind medium-thick, moderately peb- 
bled, somewhat soft, and peels easily. Flesh tender, melt- 
ing, and very juicy, with good blood coloration under 
favorable conditions. Flavor and aroma excellent. Late 
midseason in maturity. Holds on tree only moderately well 
and stores and ships poorly. 

Tree moderately vigorous, medium-large, and not 
very productive. Some tendency to alternation. 
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Portugaise is the name employed in Al- 
geria where this variety is commercially most 
important, but in Tunisia it is the old and highly 
reputed Maltaise Sanguine variety. Almost cer- 
tainly a number of clones are involved which 
are indistinguishable in general, yet exhibit minor 
differences in growth habit and fruit form. In 
Tunisian usage, Portugaise is considered to be 
somewhat more upright in growth habit and with 
fruit of a slightly more pronounced oval form. 
There is a close resemblance between Maltaise 
Sanguine and the Sanguinella Moscata variety 
of Italy. 

There is general agreement as to the ex- 
cellent eating quality and fragrance of this vari- 
ety. However, it is highly variable and uncertain 
with respect to blood coloration development. 
Frequently external red pigmentation is not ac- 
companied by internal coloration and in some 
growing areas both are lacking. 

The origin of this undoubtedly very old 
variety is unknown, but possibly it may have 
been the island of Malta. The Maltese Blood 
variety introduced into Florida from the Medi- 
terranean many years ago seems likely to be a 
clone of this variety as does the Bloodred Malta 
of West Pakistan and Punjab, India. The Egyp- 
tian variety Baladi Blood, which is said to have 
been imported from Malta about 1830, almost 
certainly is Maltaise Sanguine. 


Morlotte 
See under Doblefina (p. 472). 


Moro (Belladonna Sanguigno) (fig. 4-15, p. 467) 


Fruit medium to medium-large, subglobose, 
round or obovoid; base somewhat furrowed; apex com- 
monly flattened; areole faint or lacking; seeds few or 
none, but with chalazal spot purplish-red. Rind medium- 
thick, moderately adherent, and somewhat pebbled. Or- 
ange-colored at maturity with light pink blush or red 
streaks at advanced maturity. Flesh deeply pigmented (al- 
most violet-red); juicy; flavor pleasant. Very early in ma- 
turity (earliest of the commercial blood oranges), but holds 
well on the tree and stores and ships well. A distinctive 
aroma develops with advanced maturity, but flavor de- 
teriorates if held too long in storage and becomes objec- 
tionable to some. 

Tree of medium vigor and size, spreading and 
round-topped; very productive fruit (generally in clusters 
of three or more). 


Moro is distinctive in that pigmentation 
develops early and strongly in the flesh, ranging 
from medium to intense, whereas rind pigmenta- 
tion may be lacking or at best only moderately 
developed. Thus, the Moro does not develop ex- 
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ternal pigmentation in the coastal area of south- 
ern California, where conditions are unfavorable 
to development of blood coloration, but almost 
always exhibits far more internal coloration than 
any other variety. This variety undoubtedly be- 
longs to the deep blood group. 

Of comparatively recent Sicilian origin and 
thought to have developed from the Sanguinello 
Moscato variety, Moro did not attain the popu- 
larity of Tarocco for several decades. More re- 
cently, it has been planted to a considerable 
extent in Sicily, where it now enjoys equal favor. 


Murtera 


Fruit medium-small, spherical to slightly oval; 
areolar ring in many cases; seeds few. Color orange at 
maturity with Jight red blush. Rind medium-thin with 
finely pebbled surface. Flesh juicy but generally lacking 
in red coloration. Flavor rich al sweet. Hangs well on 
the tree, better than either Doblefina or Entrefina, and 
ships well. Late midseason in maturity. 

Tree vigorous, medium-large, very productive, 
and hardy; foliage dense and dark-green in contrast with 
Doblefina. 


The principal fault of this Spanish variety 
is the poor blood coloration of both rind and 
Hlesh, particularly the latter. As a consequence, 
Murtera’s popularity has declined in favor of such 
better colored varieties as Spanish Sanguinelli. 


Oval Sangre 
See under Doblefina (p. 472). 


Pedro Veyrat 
See under Doublefine Ameliorée (p. 472). 


Portugaise 
See under Maltaise Sanguine (p. 472). 


Ruby (Ruby Blood) 


Fruit medium-sized, globose to slightly oblong; 
faint areolar circular furrow or ridge; seeds relatively few. 
Well-colored, with reddish flush under favorable condi- 
tions. Rind medium-thick, finely pitted, and lightly peb- 
bled. Flesh tender and juicy; flavor rich. Flesh color 
orange, streaked (rather than flecked) with red under fa- 
vorable conditions. Midseason in maturity. 

Tree moderately vigorous, compact, medium- 
large, and productive. 


The Ruby variety was introduced from 
the Mediterranean (country unknown) to Florida 
about 1880 and brought to California not long 
thereafter. From its appearance and_ behavior, 
it may prove to be an old Italian variety. In both 
Florida and California, Ruby is highly uncer- 
tain and variable with respect to development 
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of blood coloration. For this reason, it has not 
become popular and remains merely a novelty. 
In California’s coastal region, it never develops 
red pigmentation. Ruby is at its best, with 
marked variability, however, in hot interior dis- 
tricts. In such districts, the quality is excellent 
and part of the crop colors beautifully. 

Several unnamed clones or selections are 
known to exist which differ in blood coloration 
development and other minor respects. 


Rojo Oval 
See under Doblefina (p. 472). 
Sanguigna Oval 
See under Doblefina (p. 472). 
Sanguigno Semplice 
Fruit medium-sized, globose; base slightly flat- 
tened; moderately seedy; yellowish-orange, and_red- 


tinted at maturity (more so than Sanguinello Comune). 
Rind medium-thick, moderately tough and adherent, and 
moderately to strongly pebbled. Flesh juicy, pleasantly fla- 
vored, and streaked with red (much less intensely pig- 
mented than the rind). Midseason in maturity, but holds 
well on the tree. 


Tree similar to Sanguinello Comune in nearly all 
respects. 


Of unknown Sicilian origin and no longer 
planted, Sanguigno Semplice is believed to be 
the oldest blood orange variety in Italy. 


Sanguinella Negra 


See under Spanish Sanguinelli below. 


Sanguinelli 


See under Spanish Sanguinelli below. 


Sanguinello Comune 


Fruit medium-sized, obovoid to oblong; base 
strongly furrowed and sometimes with small and very 
short neck; seeds few or none. Orange-colored at maturity, 
washed with red. Rind medium-thick, moderately tough 
and adherent, and moderately to strongly pebbled. Flesh 
rather deeply red aigmenicl at maturity (more so and 
earlier than rind); juicy; pleasantly flavored. Midseason in 
maturity. Stores and ships moderately well. 


Tree of medium vigor and size; productive. 


An old Italian variety of unknown origin, 
Sanguinello Comune has long been one of the 
most important blood oranges of Sicily. 

From the literature it is not clear whether 
it is a true horticultural variety or a group of 
similar and presumably closely related clones. 
It appears not to be a synonym of Sanguinello 
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Moscato, however, pile there are strong re- 
semblances and they are doubtless closely related. 


Sanguinello Moscato (fig. 4-16, p. 467) 


Fruit medium-large, subglobose, round, or oblong; 
neck strongly furrowed (more pronounced than Sangui- 
nello Comune); few or no seeds. Orange-colored with 
the apical portion strongly red-blushed. Rind medium- 
thick, somewhat pebbled, and moderately adherent. Flesh 
very juicy; very well flavored; aromatic; usually well 
blood-colored. Midseason in maturity and holds well on 
tree and ships well. 

Tree vigorous, large, symmetrical in form; very 
productive with most of the crop borne inside, where it is 
protected against climatic vicissitudes and uniformity in 
pigmentation is favored. 


According to Casella (1935a), this is a 
subvariety of Sanguinello Comune which is su- 
perior in certain respects that long ago caused 
it to become the principal variety in the Mount 
Etna region of Sicily. Its superiority has given 
it a reputation in the export trade as the Paterno 
orange. 

The facts are not known concerning the 
origin of this old Sicilian variety but it is one 
of the most important and probably the most 
highly reputed blood orange. 


Spanish Sanguinelli (Sanguinelli, Sanguinella 
Negra) (fig. 4-17, p. 468) 


Fruit said to be similar to Doblefina, but larger, 
seedier, and often asymmetrical; persistent style; blood 
coloration of both rind and flesh much more intense and 
constant. External red pigmentation rarely equalled by 
other blood oranges and excelled by none, making the 
fruit most attractive. Reported to hold on tree longer than 
Doblefina and to store and ship fully as well or better. 
Late midseason in maturity. Intensity of external pigmen- 
tation and purplish-red color of the chalazal spot (c pot, 
1963e) place this variety in the deep blood group. 

Tree small to medium, spineless; foliage light 
green; productive. 


Spanish Sanguinelli is the preferred name 
to distinguish this new variety from the Italian 
light blood group (singular sanguinella, plural 
sanguinelli). 

The variety originated as a limb sport of 
Doblefina which came to light about 1950. Its 
market reception has been excellent and it seems 
destined to replace the parent variety and most 
other Spanish blood oranges. 


Tarocco (Tarocco dal Muso, Tarocco 
di Francofonte) (fig. 4-18, p. 474) 


Fruit medium-large to large, variable in form 
from broadly obovate to globose; commonly with broad, 
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pronounced, and furrowed basal collar; few or no seeds, 
the chalazal spots of which are purplish-red. Yellowish- 
orange, blushed with red at full maturity. Rind medium 
to medium-thick, moderately tightly adherent, and finely 
to moderately pebbled. Flesh somewhat firm but juicy, 
usually well pigmented; flavor rich and sprightly. Mid- 
season in maturity (somewhat later than Moro and Oval- 
etto). Loses quality if left on tree much past maturity and 
drops badly, but ships and stores well. 


Tree moderately vigorous, medium in size and 
irregular in form; foliage rather open, consisting of ey 
variable leaves, mainly oval-elliptical and sharp-pointed. 
Sensitive to wind and neglect; aly moderately productive. 


The name of this comparatively new Italian 
variety, the English equivalent of which is the 
peg-top toy, is said to have come from the pro- 
nounced basal collar that is characteristic of fruits 
of the original clone. Scarcely three decades after 
its discovery, however, Casella (1935a) distin- 
guished three types or clones, of which that 
known as Tarocchino is now considered to be 
the variety Ovaletto Sanguigno (Chapot, 1963e). 


Tarocco Liscio (Calabrese Sanguigno, 
Tarocco Ovale) 


Fruit medium-large to large, variable in form 
from oval to obovate; commonly with broad neck in place 
of collar; sometimes with small navel; seeds few or none. 
Rind medium-thick, somewhat more tightly adherent than 
Tarocco, and smooth to very finely pitted. Internal char- 
acteristics and other features similar to Tarocco proper. 

Tree apparently somewhat less vigorous than 
Tarocco and more sensitive to wind and heat. 


That the two clones of Tarocco and Taroc- 
co Liscio may exist as a chimeric mixture is sug- 
gested by Chapot (1963e), who reports that in 
Morocco fruits of both types often occur on the 
same tree. The clone introduced into California 
several decades ago appears to be of the liscio 

e. 

Of unknown origin, but believed to have 
developed from Sanguinello Moscato, Tarocco 
was found by Dinaro Gesualdo in an orchard in 
the Carbone area of the Piedegaggi di Carlentini 
district of Siracusa Province, Sicily, shortly after 
the turn of the present century (Casella, 1935a). 
Presumably because of its high quality, attractive 
appearance, and certainty of red pigmentation, it 
spread rapidly to other areas and is now widely 
planted in Sicily, generally distributed through- 
out Italy, and grown to some extent in Spain and 
Morocco. 

Tarocco is reported to have exhibited in- 
ternal pigmentation wherever grown in the Medi- 
terranean basin and usually some external colora- 
tion. Its behavior in California corresponds with 
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these reports, since some degree of internal col- 
oration usually develops even in the relatively cool 
southern coastal region. This behavior, coupled 
with the purplish-red coloration of the chalazal 
spot, indicates that Tarocco belongs to the deep 
blood orange group (Chapot, 1963e). — 


Tomango 


Fruit medium-small to medium, oblong to oval; 
occasionally with small navel; seeds few or none. Rind 
medium-thin, comparatively smooth; color yellowish- 
orange at maturity. Flesh tender and melting, very juicy; 
flavor excellent. Midseason in maturity. 


Tree ii Retlag medium-small, and straggly- 
upright in habit; leaves large, broadly lanceolate, and 
suggestive of the Jaffa variety. Somewhat slow to come 
into bearing but productive. 


In South Africa, where the Tomango va- 
riety received its name and has considerable and 
increasing importance, it is not grown as a blood 
orange, since external pigmentation rarely if ever 
develops and internal coloration occurs only in 
seasons of unusually cold winters, when it is 
confined to small red flecks in the flesh. Tomango 
is obviously a light blood variety that is grown 
under conditions unfavorable for the develop- 
ment of the blood pigmentation. 


The origin of this variety is unknown but 
it has been traced back to the Watkinson Nurs- 
eries of Nelspruit, eastern Transvaal, from whom 
a tree was obtained by H. L. Hall of Mataffin 
(same state) in 1906. It seems likely that it is one 
of the Mediterranean light blood varieties. 

Tomango is one of the four midseason vari- 


eties recommended for commercial planting in 
South Africa (Marloth and Basson, 1955). 


Washington Sangre 
See under Doublefine Ameliorée (p. 472). 


Washington Sanguine 
See under Doublefine Ameliorée (p. 472). 


Minor Pigmented Orange Varieties.—Pig- 
mented orange varieties of regional significance 
or minor commercial value are presented below. 


Chemi 


The Chemi is an old Tunisian variety of 
local importance only. The fruit is oblong and 
almost pyriform, because of a prominent, broad, 
elevated collar. Both fruit and collar are some- 
times slightly ridged. External pigmentation is 
light or lacking, but internal blood coloration 
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is commonly deep and approaches that of Moro 
but is less constant. Chapot (1963e) remarks that 
although the name of Chemi translates as “Syrian” 
this variety is not now known in the Near East. 


Damawi 
See under Maourdi below. 


Demmi 

Demmi (meaning blood) is currently the 
Libyan variety most popular for export. The fruit 
is medium to medium small, slightly oblong-oval, 
and has a low seed content. The rind is thin and 
tough and the flesh is firm but juicy and richly 
flavored. Demmi is early midseason in maturity 
at which stage both flesh and rind are deep pink. 
The fruit holds well on the tree, retains its qual- 
ity, and stores and aie well. 

The tree is moderately vigorous and pro- 
ductive and more resistant to such unfavorable 
conditions as desert winds than other varieties. 
Of unknown but apparently local origin, several 
clones of Demmi are recognized of which the one 
described here is preferred. One clone, which 
should be avoided, apparently contains an infec- 
tion that causes marked dwarfing associated with 
woody knots on the trunk and larger branches. 
Doppio Sanguigno Signorelli 

This Italian variety produces an early mid- 
season-ripening and coloring fruit that is almost 
seedless and of high quality. The principal fault 
of Doppio Sanguigno Signorelli is low produc- 
tivi 


The writer has not been able to ascertain 
the current status of this and minor Italian vari- 
eties in this subsection which were described by 
Casella (19352). The fruit of Doppio Sanguigno 
Signorelli is similar in appearance to Sanguigno 
Doppio (see p. 477). It is larger, however, and 
commonly has a small navel. The rind is thicker, 
somewhat more roughly pebbled with some 
bloom, and more intensely red-colored at full 
maturity. The flesh is also well-colored, juicy, and 
the flavor sweet and aromatic. 

The tree is somewhat lacking in vigor, 
with numerous pendulous branchlets, and of low 
productivity. 

Chapot (1963e) believes that this variety 
probably originated as a bud variation of San- 
guigno Doppio. 

Iaffaoui Maourdi or Mawardi 
(Shamouti Maouardi) 

This Lebanese variety is a light blood clone 

of the well-known Shamouti or Palestine Jaffa 
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and indistinguishable from it except that under 
favorable conditions the rind is attractively rose- 
tinted and the flesh moderately blood-colored. 
Chapot (1954) considers the variety to be of 


local origin. 


Maltaise Boukhobsa 

This variety is a Tunisian selection of Mal- 
taise Sanguine which is indistinguishable except 
that the fruit is much earlier in maturity and 
keeps better, and the leaves are narrower. Chapot 
(1954) reports that this very new variety is the 
earliest to mature of all blood oranges. 


Maouardi or Mawardi Beladi (Damawi) 


This light blood Lebanese variety of the 
beladi type is also of local importance in Egypt 
under the name Khalili Ahmer or Red (Egyptian 
Blood). Chapot (1954) considers Maouardi to be 
of local Lebanese origin. 


Ovaletto Sanguigno 


Ovaletto Sanguigno produces a very 
early ripening, lightly pigmented, nearly seedless, 
pleasantly flavored fruit. It is a highly productive 
variety and the principal fault is poor and un- 
certain fruit pigmentation. 

The fruit is quite variable but usuall 
medium to medium-large and oval to oblong wi 
slightly flattened ends. The rind is medium fine- 
grained, moderately thick, and slightly red-tinged 
at maturity. The red-streaked flesh is of a pleasant 
flavor. The fruit, which stores and ships well, 
matures shortly after Moro (the earliest blood 
orange) and drops badly if held long on the tree. 

The tree is vigorous, large, and regularly 
productive, more so than most other varieties. 

According to Casella (1935a), this variety 
came to light about the same time as Tarocco and 
in the same area. Chapot (1963e) believes that 
Tarocchino, described by Casella as a derivative 
of Tarocco, is identical with Ovaletto Sanguigno. 


Saasli 

Saasli is a virtually seedless, light blood 
Lebanese variety of unknown origin. The fruit 
is oval in form, with a smooth, thin rind. The 
flesh is melting, juicy, and of good flavor. Under 
favorable conditions, the rind is highly pigmented 
but the flesh poorly colored. The tree is vigorous 
but not very productive. Saasli is of minor and 
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local importance only in Lebanon, and Chapot 
(1954) considers it of local origin. 


Sanguigno Doppio (Doppio Sanguigno) 

Sanguigno Doppio, an Italian variety, pro- 
duces a midseason, seedy fruit of rough external 
texture and mediocre quality. The variety has not 
been planted for decades, but still has impor- 
tance in some of the older orchards and districts. 

The fruit is medium-small to medium in 
size, subglobose to spherical, flattened at both 
ends, and with a pronounced and furrowed basal 
cavity. The rind is medium-thick, very roughly 
pebbled, red-splashed and striped at maturity, 
and puffs badly when overripe. The flesh is poorly 
pigmented but pleasantly flavored. The fruit loses 
quality rapidly if stored on the tree and does 
not store or ship well. 

This variety is considered to be one of the 
oldest blood oranges, but has never spread much 
beyond the area where it is presumed to have 
originated. 


Sanguigno Zuccherino 

This Italian variety produces an early, 
midseason, few-seeded fruit that is of low qual- 
ity and keeps and ships poorly. Sanguigno Zuc- 
cherino has not been planted for decades, but 
still retains local importance in a few of the older 
districts of Italy. 

The fruit is medium-small, subglobose to 
round, deeply grooved at the base and has a 
small apical basin. The rind is medium in thick- 
ness, soft and not strongly adherent, sig a 
pebbled, and pink-blushed at maturity. The fles 
is moderately pigmented, very juicy and sweet, 
and low in acidity. The fruit is too flat in taste for 
most palates. 


Shamouti Maourdi 
See under Iaffaoui Maourdi (p. 476). 


Vaccaro 


The Italian Vaccaro variety produces an 
attractive, midseason, few-seeded fruit of good 
quality. This variety, which has distinctive tree 
characteristics, is of limited importance in the 
Paterno area. 

The fruit is of medium size, subglobose 
to spherical, shallow-furrowed at the base, and 
slightly flattened at the apex with a faint areolar 
ring. The rind is medium-thin, leathery, and 
tightly adherent. It has a smooth, glossy surface 
and is moderately splashed with pink. The flesh 
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is red-streaked, moderately juicy, and of agree- 
able flavor. Seeds are few and small. The fruit 
holds well on the tree. 

The tree is somewhat lacking in vigor and 
has a distinctive growth habit in that the main 
branches are horizontal rather than upright and 
the branchlets are slender, weak, and pendulous. 


Navel Oranges 


The most distinctive feature of the navel 
oranges, in which they differ from all others, is 
anatomical in nature and consists of the presence 
of the navel—a small and rudimentary secondary 
fruit embedded in the apex of the primary fruit. 
While the tendency to produce fruits with small 
navels is exhibited by a number of the man- 
darins and some other orange varieties, it is 
highly variable from season to season. Only in 
the navel oranges does this phenomenon occur 
regularly. Seedlessness also is characteristic of 
navel oranges, resulting from the fact that func- 
tional pollen is lacking and viable ovules are rare. 

Closely related to the navels is the seedy 
double orange (see Tunisian Bourouhaine, p. 485), 
in which the secondary fruit is much larger, more 
deeply embedded, and usually devoid of rind. 

Other distinctive characteristics of most 
navel oranges include a crispness of flesh texture, 
ease of peeling and separation of the segments, 
and richness of flavor, which under favorable 
climatic conditions combine to make navel or- 
anges among the finest of dessert fruits. These 
characteristics, added to the deep orange color 
navels usually develop, cause them to command 
a premium in most markets. 

With minor exceptions only, navel orange 
trees are less vigorous and more sensitive to un- 
favorable conditions of environment or neglect 
than most other oranges. This is reflected in 
greater dwarfing on certain rootstocks, lower 
average production in many areas, and a much 
narrower range of climatic adaptation. Navel 
oranges are poorly adapted to the humid tropics, 
semitropics, or intense desert heat. 

The navel orange was known in the Medi- 
terranean basin several centuries ago, where it 
was described and figured by Ferrari (fig. 4-19), 
whose famous monograph on the citrus fruits 
was published in the seventeenth century in 
Rome (Ferrari, 1646). Risso and Poiteau (1818-22) 
described a Portuguese navel orange variety. 
Gonzalez-Sicilia (1963) states that local varieties 
of this fruit have long been known in Spain and 
refers to the prenado (pregnant) variety described 
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Fig. 4-19, The navel orange was first depicted by Ferrari in 1646. (From Hesperides, 1646. ) 
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by Giner Alino in 1893. More recently, a con- 
spectus of citrus varieties in Portugal (Bobone, 
1938) lists and describes two navel oranges— 
Baia (Bahia of Brazil) and Comprida. It seems 
clear, therefore, that navel orange varieties have 
long existed in Spain and Portugal and the like- 
lihood seems good that the Portuguese intro- 
duced this fruit into Brazil where almost certainly 
the Bahia variety, which has come to be known 
as Washington, originated (Dorsett, Shamel, and 
Popenoe, 1917). 

Although importations of navel orange 
clones from Brazil were made to Australia as 
early as 1824 (Bowman, 1955) and to Florida 
in 1835 (Webber, 1943, p. 531), that which be- 
came known as Washington was received by the 
U.S. Department of Agriculture in 1870, propa- 
gated in Washington, D.C. under glass, and sent 
to California and Florida three years later. The 
remarkable success of the introduction made in 
Riverside, California, led to its rapid commercial- 
ization and spread to other countries. 

Navel orange clones in general, and nota- 
bly the Washington variety, appear to be unstable 
and especially prone to give rise to somatic muta- 
tions. Indeed, with the possible exception of the 
so-called Australian variety (see below) and its 
derivatives, all the navel varieties treated in this 
subsection are known or believed to have origi- 
nated from Washington, nearly all as bud or 
limb sports. Moreover, this variety has given rise 
to several non-navel clones, among which are the 
Croc, Marrs, and Trovita varieties (see pp. 457, 
447, and 463, respectively). 

Primarily because of the Washington and 
Bahianinha varieties, the navel oranges are of 
great commercial importance, ranking second 
only to the common sweet rales Conserva- 
tively estimated, their annual ie uction in 1965 
was in the range of 45 to 50 million 70-pound box 
equivalents. The principal navel orange produc- 
ing countries are the United States (California), 
Brazil, Spain, South Africa, Australia, Morocco, 
and Algeria. 

The navel oranges are utilized primarily 
in the fresh form for eating out-of-hand, in fruit 
salads, as a dessert fruit, or as fresh juice. Bitter- 
ness often develops when the juice is stored and 
is poorly adapted to processing. 


Major Navel Orange Varieties.—The ten 
navel orange varieties of greatest commercial sig- 
nificance are described below. 


Google 


479 


Atwood (Atwood Early) 


The fruit and tree of the Atwood navel 
orange variety are virtually indistinguishable from 
the parent variety, Washington. The fruit colors 
slightly earlier and the rind surface appears to 
be somewhat smoother, however. Whi e earlier 
maturity is suggested by its coloring behavior, the 
fruit stores on the tree especially well without 
appreciable loss of quality. During the early part 
of the season, however, its quality is not quite as 
good as that of the parent variety. 

According to Opitz (1962), Atwood origi- 
nated as a limb sport in the orchard of Frank 
Atwood near Lemon Cove, California, and was 
first noticed about 1935. It is considered to be 
promising in central California and has been 
planted to some extent there in recent years. 


Australian 

Strictly speaking, this is a group of some- 
what similar but inferior navel orange clones at 
least one of which was introduced from Australia 
into California prior to the successful establish- 
ment there of the Washington navel variety; such 
an introduction seems also to have occurred in 
South Africa. Australian is therefore to be re- 
garded as the name of a group or type rather 


than a variety. 


In general, the fruits are smaller than 
Washington, flatter in form, and sometimes 
broadly pointed at the apex. The navel is smaller 
and more deeply embedded, and the rind is 
thicker and rougher. The flesh is softer in texture 
and commonly juicier than the Washington, and 
the season of maturity is considerably later, the 
flavor remaining tart until late in the season. 


The trees are more vigorous, hardy, larger, 
and pi ol ta rather than drooping as 
with the Washington. Some clones are productive 
but with an alternate-bearing tendency; most, 
however, are erratic and unsatisfactory in pro- 


duction and commercially worthless. 


The origin of this type of navel orange is 
obscure, but it is known to have gone from Brazil 
to Australia, from whence it was probably taken 
to California and South Africa. It may have 
originated in Brazil, as did the Washington vari- 
ety, but it seems more likely to have been taken 
to Brazil from Portugal where a navel orange 
variety has long existed (Risso and Poiteau, 1818- 
22). Although perhaps remote, the possibility 
clearly exists that this old Portuguese variety may 
have given rise to Washington. 
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Because of its earlier introduction into 
California and South Africa and its propagation 
for some years thereafter, both countries experi- 
enced the problem of eliminating Australian-type 
clones from use in their orchards. In California 
this was long ago accomplished through care in 
budwood selection and topgrafting orchard trees. 
While no longer propagated in South Africa, there 
still remain old orchards of selected Australian- 
type clones, the principal two of which are re- 
ported to be Company and Pretoria (Marloth and 
Basson, 1959), described on p. 486 and p. 487, 
respectively. 

Bahia 
See under Washington (p. 483). 


Baiana 
See under Washington (p. 483). 


Baianinha Piracicaba (Bahianinha) (fig. 4-20) 

The two-word name Baianinha Piracicaba 
is preferable to distinguish this important vari- 
ety from two smaller-fruited Brazilian selections, 
Ivers and Thomazzelli. 

The fruit is reported to differ from Wash- 
ington navel principally as follows: (1) it aver- 
ages considerably smaller in size; (2) the shape 
is slightly more oval; (3) it has a smaller and 
closed navel; and (4) the rind is thinner. The 
tree is said to be productive but smaller and 
less vigorous than the Washington variety. 

In California, where this variety has been 
under observation for only a few years, the dif- 
ferences between this variety and Washington 
appear to be somewhat less than those reported 
in Brazil. 
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The presumption is that this variety origi- 
nated as a bud mutation from the Washington 
or Bahia navel orange. Webber (1943) has pre- 
sented evidence, however, that it may not have 
originated in Brazil, as commonly supposed, since 
it appeared in a planting of navel orange trees 
made at Piracicaba, S40 Paulo State, about 1907— 
08 with budded trees imported from the United 
States, presumably Florida. That this variety is 
somewhat unstable and has subsequently given 
rise to other clones is clear from the literature 
and the existence of the two smaller-fruited selec- 
tions mentioned above. 

Primarily because of its desirable size for 
export markets, Bahianinha Piracicaba soon be- 
came popular in Brazil and within a few years 
attained the status of the major early export 
variety. It is said to constitute about a third of 
the commercial orange acreage of Brazil and 
is grown principally in Sao Paulo State. 


Cram 
See under Washington (p. 483). 


Dalmau 
See under Navelina (p. 482). 


Eddy ) 
See under Washington (p. 483). 


Fisher 
See under Washington (p. 483). 


Frost Washington 


Frost Washington is the first, and currently 
much the most important, nucellar budline of 





Fig. 4-20. Baianinha Piracicaba, the leading navel orange variety of Brazil. Rind slightly thicker than typical. 
(Photo by A. A. Salibe. ) 
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Fig. 4-21. Leng, a navel or- 
ange variety that originated in 
Australia and is of commercial 
importance there. (Photo by E. 
C. Levitt. ) 


the Washington navel. It was originated by H. B. 
Frost, the geneticist and breeder, at the Univer- 
sity of California Citrus Research Center, River- 
side, from a controlled cross made in 1916. It 
was not released until 1952, however. Since that 
time its popularity has increased until it is 
now more widely planted in California, Arizona, 
and Morocco than any other clonal selection of 
Washington. 

In this connection, mention should be 
made of the now well-established fact that Frost 
already has given rise through bud variation to 
a new and much less desirable clone, character- 
ized by a more acid fruit of later maturity. In 
comparison to the Frost Washington, the fruit 
size and navel opening average smaller, the rind 
texture is coarser, and the flesh is more tender 
(Soost et al., 1961). 


Gillette 


Fruit large, spherical; navel well developed but 
not prominent; seedless. Well-colored. Rind thick and 
moderately pebbled. Flesh color, texture, and flavor simi- 
lar to Washington. Very early in maturity (about ten days 
earlier than Washington) and holds well on the tree. 

Tree vigorous and distinctive in appearance; 
leaves large, thick. cupped, and somewhat grapefruit-like, 


Digitized by Coc gle 


481 





clustered toward the tips of erect branchlets. Fruit said to 
be less subject to sunburn and splitting than Washington. 
Moderately productive. 


In comparison with the Washington vari- 
ety, the fruit of the Gillette is slightly larger and 
more spherical. The rind is also somewhat thicker. 
The tree is distinctively different in appearance. 

The origin of Gillette is unknown, but it 
is presumed to be a limb sport that was acci- 
dentally rie on laa about 1935 by the Gr 
Nursery of Anaheim, California. It came to light 
in 1945 when four scattered trees were found 
in an orchard owned by the Gillette Brothers 
at Hemet, California, which had been planted in 
1936 by the Gregg Nursery. Although not pro- 
moted by any nursery company, plantings of this 
variety now occur in all the more interior navel 
orange sections of California. 


Leng (fig. 4-21) 


Fruit medium-small to medium in size, globose; 
navel uniformly small though well developed; seedless. 
Color bright orange. Rind medium-thin to medium and 
finely pebbled. Flesh well-colored; texture medium; juicy; 
flavor only fair. Very early in maturity (a week or ten 
days earlier than Washington), but fruit holds well on 
tree without loss of quality. 


Original from 
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Tree indistinguishable from Washington but fruit 
more susceptible to splitting and sometimes undesirably 
small. A regular but moderate bearer. 


In comparison with Washington, fruit of 
the Leng variety reaches maturity slightly earlier, 
has a smoother, thinner rind, and is smaller, 
juicier, and poorer in flavor. 

This Australian variety originated as a 
limb sport of Washington in the orchard of A. D. 
Leng at Irymple, near Mildura, New South 
Wales, and first came to notice in 1935. It is 
currently popular in the Murray River districts 
of New South Wales and Victoria and in South 
Australia. 


Navelina (Dalmau) 


Fruit medium to medium-large, spherical to ob- 
ovoid; basal end commonly strongly furrowed; navel small 
and not prominent, but opening not closed; seedless. Color 
reddish-orange at maturity. Rind medium-thin and smooth 
(approaching Thomson). Flesh color deep; texture 
raedlum: rather juicy; flavor sweet (less sprightly than 
Washington). Very early in maturity (fully as early as 
Thomson and perhaps a little earlier). 

Tree lacking in vigor, semi-dwarfed, and small 
(like Robertson); characteristic small dark green leaves 
give a distinctive appearance. Productive. 


In comparison with Washington, the fruit 
of the Navelina variety averages a little smaller 
and has a much less prominent navel, the rind 
is smoother and deeper colored, and maturity is 
much earlier. The flavor is not as rich and 
sis pal The tree is notably less vigorous and 

er. 

Gonzalez-Sicilia (1963) reports that this 
variety was received about 1933 from the Citrus 
Research Center, Riverside, California, under 


the name Early Navel (R5, T8, CES 574).° The - 


records at the Citrus Research Center show that 
the variety was accessioned about 1910 under the 
name Smith’s Early Navel and was thought to be 
a budsport of local origin. Under the Spanish 
name Navelina, presumably referring to the 
small tree, this variety is now available from 
several nurseries in Spain. It is grown in Portugal 
under the name of Dalmau and is under trial in 
a number of other Mediterranean countries. Cur- 
rently, the principal center of commercial pro- 
duction is reported to be the Sagunto-Castellén 
district, north of Valencia, Spain. 

Chapot reports that two clones are recog- 
nized in Morocco. That described above is called 
Dalmau (name of a Spanish nurseryman). An- 
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other, similar in all respects except that the color 
of both fruit and leaves is less intense, goes by 
the name Navelina.’° 


Oberholzer (Oberholzer Palmer) 


Fruit similar to Washington, but smaller and with 
less conspicuous navel. Early in maturity and holds well 
on tree. 

Tree more vigorous than Washington; upright- 
spreading; outstandingly productive. 


This new South African variety should not 
be confused with the Palmer Washington, a clo- 
nal selection that has been propagated to a small 
extent, or with the Ryan, sometimes incorrectly 
called the Palmer Nucellar. The variety is re- 
corded as Accession No. 503 of the Citrus and 
Subtropical Fruit Research Institute of Nelspruit, 
eastern Transvaal, South Africa. 

The possibility would seem to exist that 
this variety may have originated as a variation 
in a nucellar budline, for it came to light about 
1950 as one of four trees sent to Nelspruit by 
P. C. J. Oberholzer of the University of Pretoria, 
who had propagated them with budwood taken 
from a group of ten trees whose bud parent was 

id to be a Washington navel seedling of 
unknown origin. 

Oberholzer appears to be promising and 
has already been planted to a considerable extent 
in South Africa, where it is said to be the navel 
variety currently most in demand. 


See under Washington (p. 483). 


Parent 
See under Washington (p. 483). 


Riverside 
See under Washington (p. 483). 


Robertson 


Fruit virtually indistinguishable from Washington 
except for medium-large size, slightly lower quality, and 
earlier maturity, which is usually ten days to two weeks. 
While maturing about the same time as Thomson, quality 
is better and Fruit is retained much longer on tree. Be- 
cause fruit is often borne in tight clusters, its shape is 
sometimes slightly distorted and exhibits flat contact sur- 
faces. 

Tree lacking in vigor (more so than Thomson), 
small (markedly dwarfed on sour orange rootstock), heat- 
resistant, precocious, and very prolific. 


® Also reported in a letter from E. Gonzalez-Sicilia to the writer, dated June 25, 1963. 
10 Letter to the writer from H. Chapot, dated December 20, 1963. 
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The heat resistance and associated high- 
yielding behavior of the Robertson navel orange 
appear to relate to the fact that, although it blos- 
soms at about the same time as other varieties 
the young fruits develop more rapidly and pass 
through the fruit-setting phase earlier. The fruits 
thus escape the severe dropping associated with 
the heat and dryness normally characteristic of 
the later fruit-setting period of other varieties 
(Coit and Hodgson, 1919). 

Robertson originated as a limb sport in 
an old Washington navel tree in an orchard near 
Redlands, California, where it was found by 
Roy Robertson in 1925. It was patented (U.S. 
Plant Patent No. 126) by Armstrong Nurseries 
of Ontario, California, and introduced to the 
trade in 1936. Although planted and topworked 
to some extent, it has not become commercially 
important in California or Arizona, nor appar- 
ently elsewhere. However, because of its small 
tree size and early and high productivity, it is 
popular as a dooryard or container-grown patio 
tree. 


Tibbets 
See under Washington below. 


Thomson (Thomson Improved) (fig. 4-22) 


Fruit medium-large, globose to slightly obovate 
or ellipsoid; occasionally with collar and commonly with 
two or three relatively deep and long radial basal fur- 
rows; apex usually protruded or broadly nippled or with 
large open navel; seedless. Less well-colored than Wash- 
ington. Rind medium-thin and surface smooth and glossy 
though finely pitted. Flesh well-colored with firm texture; 
medium juice content; flavor good. Holds on the tree 
poorly with rapid loss in quality. Very early in maturity 
(10 days or more in advance of Washington). 

Tree less vigorous and more compact than Wash- 
ington and commonly semi-dwarfed; also less cold- and 
heat-resistant. Clone unstable, very likely chimeric in 
constitution, and exhibits tendency toward reversion. 


The Thomson variety originated as a limb 
sport of Washington in Duarte, California, and 
was named and introduced by the owner, A. C. 
Thomson, about 1891. Because of the earliness 
and attractive appearance of the fruit, it was 
extensively planted for some years and intro- 
duced to other navel orange-producing countries 
such as Algeria, Morocco, Chile, and Australia. 
Within a few years, however, its faults became 
so evident that planting was discontinued and 
most of the California acreage was converted or 
removed. So far as can be Totuaninad this has 
been its history elsewhere, with the possible 
exception of Chile. Except for earliness of matu- 
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rity, it is inferior to the parent variety in all 
respects. 

Dungan Thomson is the only selection of 
Thomson currently propagated in California. The 
tree or trees employed are in an old and out- 
standing orchard of this variety at Exeter, the 
present owner of which is Jack Dungan of that 
locality. Dungan Thomson has come into promi- 
nence recently because of renewed interest in 
the planting of very early maturing varieties 
in the San Joaquin Valley. 


Warren 
See under Washington below. 


Washington (Bahia, Riverside, Baia, Baiana) 
(fig. 4-23) 


Fruit large, spherical to obovoid or ellipsoid; base 
sometimes slightly llared apex often slightly protruded 
or broadly nippled; navel wiedtam to large and sometimes 
protruding navel; seedless. Especially well-colored (deep 
orange). Rind medium-thick, somewhat tender; surface 





Fig. 4-22. Thomson, a navel orange variety of Califor- 
nia origin that is no longer of significant importance. 
(From Webber, 1943. ) 
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coarsely pitted and moderately pebbled. Flesh color deep; 
texture firm; moderately juicy; flavor rich, Fruit holds on 
tree and stores and ships relatively well, but processes 
poorly. Early in maturity. 

Tree round-topped, somewhat drooping, and 
medium in size and vigor. Sensitive to heat and aridity 
during bloom and fruit-setting, and hence restricted in 
range of climatic adaptation. Anthers cream-colored, for 
they are devoid of ratte: 


The origin of the Washington or Bahia 
variety is not known but, after a study at first 
hand, Dorsett, Shamel, and Popenoe (1917) of 
the U.S. Department of Agriculture concluded 
that it was probably a limb sport that was found 
in a tree of the Selecta variety near Bahia, Brazil, 
and first propagated some time between 1810 and 
1820. In the opinion of the writer, it is more 
likely that the parent variety was the Portuguese 
navel (Umbigo) orange described by Risso and 
Poiteau (1818-22) and that it originated some- 
what earlier. 

The marked superiority of the new variety 
was noted by travelers and visitors and led to 
its introduction into Australia in 1824 and Florida 
in 1835. It is known that trees were sent from 


Fig. 4-23. Washington or Bahia, the principal navel or- 
ange variety. 
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Australia to California as early as 1870 (Coit, 
1915, p. 16). The introduction that led to adop- 
tion of the name Washington and to its commer- 
cialization in California and most other countries 
where it is now grown, however, occurred in 
1870 when twelve budded trees were received 
from Bahia by William O. Saunders, superin- 
tendent of gardens and grounds for the U.S. 
Department of Agriculture in Washington. These 
were planted in a greenhouse and immediately 
propagated for distribution. Several years later 
trees were sent to a number of persons in Cali- 
fornia and Florida. Among those who received 
trees were L. C. Tibbets of Riverside, Alexander 
Craw of San Diego, and Edwin Kimball of Hay- 
ward (Butterfield, 1963, p. 34). 

It was the Tibbets planting, however, that 
resulted in the name Washington being attached 
to this variety and brought it into prominence. It 
is believed that Tibbets received and planted 
three trees in his dooryard, located near the pres- 
ent junction of Central and Palm Avenues, two 
of which survived and became sources of bud- 
wood a few years later. In 1903, one of these was 
transplanted to a location in front of the Glen- 
wood Hotel (now the Mission Inn) where it sur- 
vived only a few years. At about the same time, 
the other tree became the property of the City 
of Riverside and was removed to its present loca- 
tion at the head of Magnolia Avenue, where it 
still exists, although in a condition of decline 
from which it seems unlikely to recover. 

Planted in March, 1874 (Mills, 1943), the 
Tibbets trees came into bearing early and the 
fruit soon attracted local attention. Exhibited at 
a citrus fair in Riverside on January 22, 1879, 
by the Southern California Horticultural Society, 
it was awarded first prize over other navel or- 
anges, all of which were from stock previously 
imported from Australia. The Washington was so 
superior that enterprising nurserymen and grow- 
ers propagated it extensively and within a dec- 
ade or two it became the leading variety, a 
position it held for many years. Thomas W. 
Cover, a local nurseryman and grower, who also 
exhibited it at the above-mentioned fair, is cred- 
ited with having first propagated the Washing- 
ton variety. From California it early spread to 
other parts of the citricultural world and soon 
became a major variety, now second only to 
Valencia. | 

As to whom credit is due for calling the 
Bahia navel orange to Mr. Saunder’s attention 
and providing the budded trees received by him 
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in 1870, the facts are somewhat uncertain. Coit 
(1915, p. 17) states that a woman missionary sta- 
tioned at Bahia was responsible, but Webber 
(1943, p. 531) credits F. I. C. Schneider, whom 
he states was the first Presbyterian missionary 
sent to Bahia. It seems likely that both statements 
are correct and that the transaction involved both 
Mrs. Schneider and her husband, for in later 
correspondence Mr. Saunders stated that his cor- 
respondent was a woman. 

Although early introduced and planted 
extensively in Florida, this variety has proven to 
have only limited commercial value there. It 
tends to produce poorly and the fruit is generally 
large, coarse-textured, and of poor quality. It is 
clearly not well adapted to hot, semitropical cli- 
mates. There are several other navel varieties of 
local origin, however, that do much better in 
Florida and have been planted staan 
in recent years, among which are Summerfield, 
Glen, and Dream. So far as can be ascertained 
these are all seedling or mutant clones of obscure 
origin (see pp. 486 and 487). 

Presumably having originated as a limb 
sport, Washington has exhibited a remarkable de- 
gree of somatic instability, giving rise by bud 
mutation to numerous clonal varieties and many 
chimeras. That earliest recognized in California 
is Australian (p. 479), which may have originated 
in Australia but more likely in Brazil. It is more 
vigorous but commercially nearly worthless. Some 
of the earlier introductions into Florida seem 
likely to have been mutant clones. The principal 
varieties known to have originated in California 
as limb sports include Thomson, Carter, Robert- 
son, Atwood, and Gillette. Of little or no impor- 
tance are Navelencia, Nugget, Buckeye, Riverside 
Early, Surprise, Yellow, and Summernavel. Sev- 
eral have been reported from South Africa and 
Australia. 

There are also a number of named clonal 
selections and at least one nucellar clonal bud- 
line currently under propagation. 

Although a numher of outstanding trees 
have been selected and registered for use i 
propagation, three have been of principal inter- 
est in recent years, namely Eddy, Parent ya 
nal, Tibbets), and Warren. Eddy was named for 
the owner of a superior orchard in Arlington, 
California, the clone of which traces back to an 
outstanding tree at East Highlands. Warren goes 
back to an outstanding tree near Glendora, Cali- 
fornia, that was selected by C. M. Warren, long- 
time prominent citrus nurseryman. Parent, as the 
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name and synonyms indicate, is the last remain- 
ing tree of the Tibbets introduction from Wash- 
ington, D.C., and hence the original clone to 
which this variety traces in California. Unfortu- 
nately, for some years past it has been declining 
in vigor and in 1967 seemed unlikely to survive 
much longer. Other selections that have been 
used somewhat include Cram and Fisher. 


Minor Navel Orange Varieties.—Navel or- 
ange varieties of limited commercial importance 
or declining popularity are presented below. 


Baddaford 
See under Flannagan (p. 486). 


Bellamy 


Fruit large, shape varying from oblate to obovate ; 
navel small or lacking, rind of medium thickness and tex- 
ture. Well-colored, juicy, and of good flavor. 

Tree vigorous, upright, moderately thorny, and 
productive. 


The Bellamy variety of Australia ae 
nated as a chance seedling, presumably of the 
Washington navel, at Ourimbah, New South 
Wales, and was first planted commercially by a 
Mr. Bellamy of that community in about 1930. It 
is recommended only for conditions not suffi- 
ciently favorable for Washington and seems not 
likely to achieve much importance. 


Bourouhaine (Orange Double, Orange du Bey) 


Fruit medium-sized, oblate to subglobose; apex 
flattened or an depressed and large; externally incon- 
spicuous and deeply embedded navel which usually is 
completely without vestiges of peel and hence in cross- 
section gives the appearance of a double fruit. Seedy when 
cross-pollination available, but seedless when not as 
viable pollen is not produced. Juicy and flavor good. Early 
in maturity but does not hold well on the tree. 


This is an old and hig™’y distinctive variety 
in Tunisia that is considered to be of local 
origin. It is believed to have given rise to the 


similar but acidless Bourouhaine Meski variety 
(see p. 469). 


Buckeye (Golden Buckeye) 


Fruit oblong to ellipsoid; apex nipple-like, con- 
taining a closed navel; rind very smooth, thin, and 
leathery. Yellowish-orange colored, with occasional nar- 
row orange streaks or ribs. Matures considerably earlier 
than Washington. 

Tree slow-growing, small, and weak. 


Buckeye is reported to have originated in 
California as a limb sport of Washington. It was 


486 


introduced in 1903 by the R. M. Teague Nurs- 
eries of San Dimas. This weak-growing and 
chimeric variety has never attained much com- 
mercial importance. 


Carter 


Both the tree and fruit of this California 
variety are so similar to Washington that they 
are indistinguishable. Grown under the same 
conditions, however, the rind of Carter appears 
to be somewhat smoother and thinner, the flesh 
texture a little less firm and juicier, and the flavor 
somewhat sweeter (less tart). Carter is also 
slightly earlier in maturity. 

Presumed to be a bud variation of un- 
known origin, a number of old trees of this 
variety were noted about 1925 in the A. N. 
Carter orchard at Sierra Madre, California. The 
variety was introduced by the Armstrong Nurs- 
eries of Ontario, California in 1928 and recom- 
mended for home planting. It is still in demand in 
California and has been planted to some extent 
elsewhere. 


Company 


Fruit medium-small to medium, subglobose to 
oblate; basal end deeply furrowed; apical end drawn out 
to a broad point in which a prominent navel is embedded. 
Flesh melting, juicy; flavor good, but acid until late in the 
season. Midseason in maturity (much later than Washing- 
ton). 

Tree vigorous, large, and productive, but with 
tendency to alternate bearing. 


The Company variety is a South African 
selection of the so-called Australian navel made 
in one of the orchards of the Webster Estates at 
White River in 1913. While this variety has not 
been planted for many years, old orchards of it 
still exist in the White River area. 


Dream 


Fruit medium-sized, subglobose to spherical; 
navel medium to medium-large; rind smooth, well-colored, 
and of medium thickness. Flesh texture moderately soft; 
flavor rich and sweet (less acid than most navels). Early 
in maturity and in Florida holds on tree better than most 
navels without loss of internal quality. 


This Florida variety was found in 1939 by 
D. J. Nicholson of Orlando as a budded tree in 
an old orchard of mixed varieties near Sanford. 
It was named, patented (U.S. Plant Patent No. 
625), and released in 1944. 


Dungan 
See under Thomson (p. 483). 
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Flannagan (Baddaford) 


This South African selection is from an 
individual tree in the Flannagan orchard at Bad- 
daford, Fort Beaufort, eastern Cape Province, 
planted about 1903, that was much used in the 
early period of the industry. There is reason for 
believing that it was propagated from a Bahia 
navel tree imported from Brazil and presented to 
Mr. Flannagan in 1905 by C. P. Lounsbury, gov- 
ernment entomologist. Flannagan is typical of 
Washington navel in all respects except that the 
twig growth is perhaps a little finer and thinner. 

A few commercial orchards still exist in 
the Rustenburg area but new plantings have not 
been made for many years. 


Glen (Glen Improved) | 


Glen is similar to the Washington navel 
but reported to bear more heavily and consist- 
ently under similar conditions in Florida. 

Found as a group of trees of similar be- 
havior in a Washington navel orchard of W. C. 
Roe of Winter Haven, Florida, this variety is 
thought to have originated as an unrecognized 
limb sport. The possibility would seem to exist, 
however, that it represents a clonal selection. It 
was named and introduced in 1934 by the Glen 
St. Mary Nurseries of Glen St. Mary, Florida. 


Golden Buckeye | 
See under Buckeye (p. 486). 


Greathead 


This South African clonal selection was 
made from one of five trees in the 16-year-old 
Washington navel orchard of P. Greathead near 
Nelspruit, eastern Cape Province, that were pro- 
vided by the U.S. Department of Agriculture in 
1919. The tree selected is said to have been re- 
ceived under the label Shamel. It is typical of 
Washington navel in all respects and has been 
widely used in South Africa. 


Navelate (Navel Tardia) 


Fruit similar to Washington but somewhat paler 
in color; navel less prominent and more commonly closed; 
rind thinner and more leathery; flesh less firm and juicier; 
flavor less sprightly. Matures two to three weeks later than 
Washington and holds on tree considerably better and 
later without loss of quality. 

Tree somewhat more vigorous and productive. 

According to Gonzalez-Sicilia, this Spanish 
variety originated as a limb sport in a Washing- 
ton navel orchard planted in 1930 in the Vinaroz 
district of Castellon de la Plana Province. It was 
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discovered in 1948 by D. Adrian Gil, nurseryman 
of Alcanar, Taragona Province, who propagated 
it in 1952 and released it in 1957. In view of its 
many desirable features, Navelate is considered 
to be highly promising.'! Chapot, however, ques- 
tions its value and reports that in Morocco the 
fruit is less juicy than Washington and is not sig- 
nificantly later in maturity.'* 


Navelencia 


Fruit paler in color than Washington; rind much 
smoother Palit to Thomson), and slightly tougher; navel 
somewhat prominent but usually closed. Maturity ioe 
earlier than Washington, but later than Thomson. Fles 
texture firm, but juicier than Thomson; flavor as good or 
better. Fruit holds better on tree than Thomson. 

Tree less vigorous than Washington. 


This variety originated in the orchard of 
A. C. Thomson at Duarte, California, and was 
introduced in 1903 by the R. M. Teague Nurseries 
of San Dimas. Although popular for a while, 
Navelencia has not been planted for many years. 


Navel Tardia 
See under Navelate (p. 486). 


Newhall 


Fruit slightly smaller than Washington, oblong to 
ellipsoid; color reddish-orange (deeper than Washington) ; 
flavor excellent; maturity earlier than Washington. 

Tree somewhat less vigorous than Washington 
and leaves slightly darker green. 


This new California variety is said to have 
originated as a limb sport in the Duarte area that 
was propagated by Paul Hackney of the Newhall 
Land and Water Company of Piru and came to 
prominence in their variety collection. Because 
of its attractive appearance and early maturity, 
Newhall is currently under trial in several dis- 
tricts of California. 


Nugget (Golden Nugget) 


Fruit medium-large, oblong; navel medium- 
small but open; rind relatively smooth and pale yellowish- 
orange; fish cen and moderately juicy; pronounced ten- 
dency to splitting. Early in maturity. 

Tree weak-growing, small, and drooping. 


A limb sport discovered by J. P. Engelhart 
of Glendora and introduced by the San Dimas 


Nursery Company in 1893, this Californian vari- 
ety never attained commercial importance. 
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Orange Double 


See under Bourouhaine (p. 485). 


Orange du Bey 
See under Bourouhaine (p. 485). 


Pretoria 


Fruit medium-small to medium, subglobose to al- 
most oblate, navel small and inconspicuous. Flesh juicy, 
melting, and acid in flavor until late in the season. Early 
midseason in maturity (much later than Washington). 

Tree vigorous, large, and productive, but with 
tendency to alternate bearing. 


Pretoria is a South African selection of the 
so-called Australian navel type made in 1933 from 
a distinctive high-yielding tree in the orchard of 
a Mr. Van Skalkwyk in the Pretoria District. 


Riverside (Riverside Early) 


Both the tree and fruit of this Californian 
variety are very similar to the Washington navel 
but the rind surface is a little smoother and the 
percentage of closed navels is higher. The sea- 
son of maturity is about the same and possibly 
slightly earlier for Riverside. 

The origin of this variety is obscure, but it 
is known that it was sent from California to F. W. 
Savage at Eustis, Florida, in 1895. It has never 
achieved commercial importance in either state. 
In a small trial in the Imperial Valley of Cali- 
fornia some years ago, however, its yield was 
superior to that of other navel orange varieties 
including Washington, which suggests June drop 
resistance. 


Rustenburg 


Fruit similar to Washington navel, but more glo- 
bose; rind thinner, firmer, and smoother; navel less con- 
spicuous. Slightly later maturity and of good quality. 

Tree not distinctive and bears well. 


This South African variety originated in a 
group of five variant trees in the orchard of 
A. P. M. Robinson, Heks Kranz, Rustenburg, and 
is doubtless a budsport of local origin. It was 
first propagated in 1944 and still has limited com- 
mercial importance in the Rustenburg area. 


Summerfield 


Fruit similar to Washington navel but somewhat 
smaller, with smaller navel. Flavor sweet but not rich be- 
cause of low acidity which results in early maturity. 


11 Letter to the writer from E. Gonzalez-Sicilia, dated June 25, 1963. 
12 Letter to the writer from Hl. Chapot, dated May 6, 1964. 
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Tree reported to be regularly productive in 
Florida. 


The origin of this Florida variety has been 
traced to a “selected tree or trees” found in 1928 
by W. J. Lyles in an old orchard, locally called 
the Wild Grove, near Weirsdale. The variety was 
released by the Summerfield Nursery Company, 
Weirsdale, about 1931. It is currently the navel 
orange variety most widely planted in Florida. 


Summernavel (Workman) 


Fruit similar to Washington, but rind thicker and 
rougher in texture; colors and matures considerably later. 
Holds on tree especially well with little loss in internal 


quality. 

Tree more vigorous, low and spreading; leaves 
larger than Washington; twig bark distinctively russet- 
brown. 


A budsport discovered about 1934 in the 
orchard of J. A. Workman at Riverside, Califor- 
nia, this variety was named, patented (U.S. Plant 
Patent No. 347), and introduced by the Arm- 
strong Nurseries of Ontario in 1942. Summer- 
navel is recommended for home planting and has 
not achieved commercial importance. 


Surprise 

Fruit very similar to Washington, but averages 
sae smaller; rind somewhat smoother; navel for most 
part closed. Slightly later in maturity. 

Tree perhaps slightly less vigorous than Wash- 
ington. 

This comparatively old variety of unknown 
Californian origin was named and introduced by 
E. S. Hubbard of Federal Point, Florida, who 
discovered it in a lot of King mandarin trees 
propagated from budwood obtained from Cali- 
fornia after the Florida freeze of 1894-95. While 
it fruited much better than Washington, it was 
never extensively planted in Florida and is virtu- 
ally unknown in California. In the opinion of the 
writer, the possibility exists that Surprise and 
Riverside are the same. 


Suzuki 


Fruit similar to Washington navel in size; navel 
smaller; rind thinner, smoother, and somewhat deeper 
color; flavor less acid. Slightly earlier in maturity but 
stores well. 

Tree a prolific bearer. 


This Japanese variety was first noted about 
1935 as a limb sport in a 20-year-old tree in the 
orchard of M. Suzuki, in Shizuoka Prefecture, 
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and was released for propagation in 1949 and 
registered in 1963. Because it is prolific, very early 
maturing, and of excellent quality, Suzuki is con- 
sidered to be very promising. 

Suzuki is one of a number of mutant 
varieties that Washington navel has given rise 
to in Japan. This variety, Tange, and Ukumori 
are considered the most promising, although 
navel plantings are currently of minor impor- 
tance in Japan (approximately 1,750 acres in 
1961). 


Tange 


Fruit similar to Washington, but somewhat 
smaller; navel much smaller. Flavor as good or better, 
maturity season about the same, and keeping quality 
somewhat better. 


Tree notably vigorous; flowers ay large; leaves 
broad and thick, with strongly winged petioles; prolific. 


This Japanese variety was found in 1946 
as a limb sport in the 25-year-old orchard of H. 
Tange, in Hiroshima Prefecture, and registered 
in 1961. Tange is considered to be one of the 
most promising navel varieties in Japan. 


Texas 


Both the tree and fruit of this variety are 
similar to the Washington navel, but the fruit of 
Texas is somewhat smaller, seedier, and exhibits 
a higher percentage of open navels. When grown 
in California, the Texas variety has proven less 
fruitful. 

Texas was introduced into the United 
States from Brazil by the U.S. Department of 
Agriculture in 1916 (Dorset, Shamel, and Pope- 
noe, 1917) and first propagated in 1924 at the 
Weslaco Substation of the Texas Agricultural 
Experiment Station. Early trials there suggested 
the possibility of greater productivity than Wash- 
ington and a superiority in fruit quality. Similar 
comparisons at the Citrus Research Center in 
Riverside, California, and at Indio, California, 
failed to confirm such results as did later trials 
in Texas. 


Ukumori 


Fruit similar to Washington but larger (sometimes 
much larger); rind thicker and rougher; surface texture 
coarse; flavor less attractive. 

Tree similar to Washington, but more vigorous 
and productive. 


This Japanese variety originated as a limb 


13 Letter to the writer from M. Nishiura, National Horticultural Research Station, Okitsu, dated May 30, 1963. 
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sport found in 1938 in the orchard of M. Uku- 
mori, in Ehime Prefecture, and was registered in 
1950. Because of its fruitfulness and large size, 
it has been planted to some extent in Japan, but 
the inferior quality of the fruit seems likely to 
lead to its replacement with better varieties. 


Watt (Watt's Early) 


Similar to Washington but fruit smaller; navel 
less conspicuous; colors and ripens earlier. Fruit quality 
excellent. 

Tree lacking in vigor, small and compact, but 
precocious and productive. 


This South African variety originated as 
a limb sport in a Washington navel tree on the 
property of a Mr. Glegg at Kirkwood, eastern 
Cape Province, and was noted and propagated by 
a man named Watt about 1945. It is currently of 
little importance and little propagated. 


Workmen 
See under Summernavel (p. 488). 


Fruits Resembling the Sweet Orange 


Although some fruits commonly assumed 
to be natural tangors (mandarin-orange hybrids) 
exhibit various characters of the sweet orange— 
adherent rind, solid axis, white cotyledons, and 
form of the petiole wings—and there are also 
some that are subglobose in shape and bland in 
flavor, the writer is unacquainted with any of 
which the composite picture more resembles the 
sweet orange than the mandarin and would hence 
justify their inclusion in a _ sweet-orange-like 
group. This is also true of all synthetic tangors 
known to him. 

While the Temple, Murcott, and King vari- 
eties are usually called oranges in Florida, and 
the new hybrid Page variety was introduced as 
an orange, King is regarded in this treatment 
as a member of the Citrus nobilis mandarin group 
(see p. 505), Temple is provisionally classed as 
a natural tangor (see p. 527) and the others are 
included in the Citrus reticulata mandarin group 
(p. 509). 


SOUR OR BITTER ORANGES 
(CITRUS AURANTIUM L.) 


Like most of the other citrus fruits of 
commercial importance, the sour, bitter or Se- 
ville orange is considered to have originated in 
the region of northeastern India and adjoining 
portions of China and Burma. Spreading north- 
ward to Japan and westward through India to 
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the Mediterranean basin, it finally reached Eu- 
rope sometime around the Christian era. The 
sour orange was among the first citrus to be 
taken to the New World. In such climatically 
favorable portions of the New World as Florida 
and Paraguay it escaped from cultivation and be- 
came feral. It is the naranja agria or amarga of 
Spain, melangolo or arancio amaro of Italy, 
bigarade or orange amére of France, khuskhash 
of Israel, khatta of West Pakistan and parts of 
India, and daidai of Japan. 

While the sour and sweet oranges have 
close resemblances there are important differ- 
ences which clearly justify their separation into 
different species. The sour orange leaf is some- 
what darker in color and more taper-pointed and 
the petiole is longer and more broadly winged. 
The fruit is usually flatter and more deeply col- 
ored and the rind thicker and more loosely ad- 
herent. The rind surface is generally rougher and 
is minutely pitted with sunken oil glands. The 
core is normally hollow and the flavor sour 
with pronounced bitterness in both carpellary 
membranes and albedo. Most distinctive and 
easily recognizable differences relate to the odor 
of the oils in the leaves and rind. In the sour 
orange the leaf oil is agreeable and distinctive, 
whereas in the sweet orange it is merely pleas- 
ant. Sour orange rind oil is strong and somewhat 
disagreeable in contrast with the sweet and 
pleasant odor of sweet orange rind oil. Moreover, 
the chalazal spot is purple-tinted in the sour 
orange, reddish-brown in the sweet oranges in 
general, red in the deeply pigmented blood or- 
anges, and cream-colored in the sugar or acid- 
less oranges (Chapot and Praloran, 1955). 

In comparison with the sweet orange, the 
sour orange tree is more upright and thorny and 
much more resistant to such unfavorable environ- 
mental conditions as frost, excess soil moisture, 
and neglect. However, the sour orange does not 
attain as large size as the sweet orange. It is 
also much more resistant to the widespread 
gummosis (mal di gomma) disease. In addition, 
it is susceptible to verrucosis (scab) and markedly 
intolerant to the tristeza virus when used as a 
rootstock, while the sweet orange is highly re- 
sistant to both diseases. 

The fruit is too sour and bitter to be ac- 
ceptable to most palates, although it can be used 
to make a distinctive and refreshing drink. Its 
principal use, however, is in the preparation of. 
a distinctive marmalade, much in demand and 
appreciated in Europe and especially so in Great 
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Britain, for which sweet orange marmalade is 
not an acceptable substitute. To meet this de- 
mand, sour oranges are grown to a limited extent 
in most of the Mediterranean countries. The prin- 
cipal producing area, however, centers around 
Seville in southern Spain, where commercial 
plantings are currently reported at approximately 
4,000 acres. Great Britain comprises the principal 
sour orange market. Other products obtained or 
made from the fruits include rind oil and the 
liqueurs curagao and Cointreau. 

Oil of petit grain is distilled from the 
leaves and young shoots and oil of neroli from 
the flowers. For these products, however, which 
are much used in perfumery, special varieties 
selected primarily for flower production consti- 
tute the principal source of production. A by- 
product of this process is orange flower-water, 
also used in perfumery, for flavoring cakes, and 
for medicinal purposes. 

The importance of the sour orange in the 
citricultural world, however, arises from its use 
as a rootstock. Because of its marked resistance 
to the soil-inhabiting fungi principally involved 





Fig. 4-24. The common bitter or sour orange. (From 
Webber, 1943. ) 
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in the gummosis and foot rot (mal di gomma) dis- 
eases, a century or more ago it became the lead- 
ing rootstock. While its use as a rootstock has 
declined greatly in recent years because of marked 
intolerance to the tristeza virus disease, and it 
now seems destined to be abandoned for that 
purpose, sour orange remains a major rootstock 
in the Mediterranean basin and some other areas. 

Because of the attractive appearance of 
both tree and fruit and their hardiness and re- 
sistance to unfavorable conditions in general, the 
sour oranges are also useful as ornamentals. 

Three natural groups are distinguishable 
in the sour oranges, namely the common bitter 
orange, bittersweet orange, and the variant bitter 
oranges. 


Common Bitter or Sour Orange 

This is the ordinary bitter orange (fig 4-24) 
so extensively employed as a rootstock and grown 
in Spain and elsewhere as a marmalade fruit. 

The principal marmalade variety in Spain 
(Gonzalez-Sicilia, 1963) is Sevillano (Agrio de Es- 
pana, Real), which is said to consist of a group 
of selected clones characterized by vigor, com- 
parative freedom from thorns, and productivity. 

In California, comparison of rootstock 
clones from many parts of the citricultural world 
with some of local origin has revealed a con- 
siderable range of variation in both tree and 
fruit characters but none has proved to be out- 
standingly superior though several have been 
named. 


Bittersweet Orange 


The bittersweet orange group, which con- 
tains at least two varieties, may be regarded as a 
subgroup of the common bitter orange, from 
which it differs mainly in lower acidity and better 
flavor. 

Formerly thought to be a hybrid of the 
sweet and sour oranges, the weight of evidence 
suggests that the bittersweet orange originated 
as a mutation from the latter. It appears to be 
identical with the fruit described by Risso and 
Poiteau (1818-22, p. 101) as the sweet-fruited bit- 
ter orange of the Mediterranean basin. It seems 
likely that the Spanish took this orange to both 
Florida and South America, for it was early found 
in the former and occurs extensively in Paraguay 
where it comprises an important source of oil 
of petit grain. 

Minor differences that characterize most 
of the bittersweet oranges include somewhat 
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denser and more compact habit of growth, 
broader and less taper-pointed leaves, and paler- 
colored fruit of slightly smaller size and smoother 
rind texture. 

Two named varieties, both of which doubt- 
less consist of more than one clone, are Bitter- 
sweet of Florida and Paraguay (Apepu). They 
are so similar as to be scarcely distinguishable. 


Variant Bitter Oranges 


In contrast with the high degree of simi- 
larity that characterizes the common and bitter- 
sweet sour oranges, the variant bitter oranges 
exhibit a remarkable degree of diversity of forms 
and characters. All are less vigorous than the 
common and bittersweet oranges—some strik- 
ingly so—and, in general, they have _ broad, 
spreading tops, few or no thorns, smaller and 
less wing-margined leaves, and smaller and flat- 
ter fruits containing fewer seeds. A few exhibit 
teratological characters of a brachytic nature. 
Variant bitter oranges are grown principally for 
perfumery purposes and as ornamentals. 

Perfumery Varieties (Bouquetiers).—While 
extensive use is made in Italy and Paraguay (and 
to some extent in Spain and North Africa) of the 
flowers of the common bitter orange for produc- 
tion of oil of neroli and the byproduct orange 
flower-water, special perfumery varieties grown 
solely or primarily for the flowers are employed 
in the French Riviera, the traditional perfumery 
center of the Mediterranean basin, and also in 
North Africa. For the most part these varieties 
are characterized by small tree size, freedom 
from thorns, and profuse flowering. The three 
varieties most widely grown appear to be the 
following: 


Bouquet (Bouquet de Fleurs) (fig. 4-25) 


This heavy-flowering variety constitutes an 
attractive ornamental in California, lending itself 
especially well to use as a hedge plant. In Cali- 
fornia, it is characterized by small tree size with 
a spreading top consisting of thornless branchlets 
with short internodes (brachytic in nature) and 
dense clustered foliage. The leaves are small, 
oval, and round or blunt-pointed with short wing- 
less petioles. The fruits are small, somewhat 
oblate, moderately pebbled and _ well-colored, 
with medium-thick rind, solid axis, and few seeds. 
Chapot (1964a) considers this to be the old 
Bigaradier Riche Dépouille of Risso and Poiteau 
(1818). 
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Bouquetier a Grandes Fleurs 
(Bouquetier a Peau Epaisse) 


- This variety is much the most important 
of the perfumery varieties (Chapot, 1946b) and 
is characterized by very large, A flowers 
and large round fruits with very thick and hard 
rinds. The tree is small and spineless and the 
leaves are medium-sized, broad and blunt, or 
round-pointed. The fruit makes excellent con- 
fections. 


Bouquetier de Nice a Fleurs Doubles (Bouquetier 
de Nice a Fruits Plats, Bouquetier de Nice) 


This variety is the Bigaradier a Fruit Feti- 
fere of Risso and Poiteau (1818-22). The tree is 
vigorous and upright-growing and the flowers are 
double with a very large pistil, which usually 
gives rise to a flat fruit of medium size that is 
also double, since it contains a well-developed 
secondary fruit deeply embedded inside the pri- 
mary fruit. The leaves are very large and broad 
but slightly taper-pointed. 

Ornamental Varieties.—Although the per- 
fumery varieties are also used as ornamentals, 
there are other variant or aberrant forms of the 
bitter orange that are grown only as ornamentals. 
Among these are the following: 


Abers Narrow Leaf (fig. 4-26). 





Fig. 4-25. The Bouquet bitter orange, an ornamental. 
(Photo by C. P. North. ) 
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Fig. 4-26. Abers Narrow Leaf bitter orange, an orna- 
mental variety. (Photo by C. P. North. ) 


This is an extremely narrow-leafed form, 
the tree of which is small and drooping in habit 
and the fruit of which is typical for bitter orange 
with the exception that the calyx is fleshy. The 
presumption is that Abers Narrow Leaf origi- 
nated in Florida, where it received its name, 
though it may have been introduced there. From 
the literature, it appears to be very similar to, 
if not identical with, the Granito variety (salici- 
folia) of Trabut as described in Algeria. 


Kabusu (Kabusudaidai) 

This variety is reported to be virtually 
indistinguishable from Zadaidai except that the 
calyx is normal and not large, fleshy, and dis- 
tinctive. 

Both Zadaidai and Kabusu are grown pri- 
marily as ornamentals in Japan and the fruits are 
used for decorative purposes and in the prepara- 
tion of marmalade and vinegar. 


Kikudaidai (Citrus canaliculata Y. Tanaka) 

The Kikudaidai variety is an attractive, 
somewhat dwarfed ornamental with fruits that 
have a solid ‘core and are medium-small, subglo- 
bose to oblate, yellowish-orange, and characteris- 
tically deeply, longitudinally grooved. The origin 
of this ornamental is unknown. 
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Panaché 
See under Variegated below. 


Variegated (Panaché) 


While variegation is not uncommon in cit- 
rus fruits, clones are comparatively rare in which 
it is exhibited in both foliage and fruits combined 
with good vigor and attractive appearance. A bit- 
ter orange clone which meets these requirements 
occurred about 1920 as a seedling in a nursery 
of the Citrus Research Center, Riverside, Cali- 
fornia. Since Variegated reproduces from seed 
to a remarkable degree, it is believed to have 
originated as a nucellar chimera. 

It is characterized by vigor, though not as 
great as the seed parent, and the variegation is 
manifested mainly in the fruits, a high percent- 
age of which are beautifully striped with yellow 
and deep orange. It has been propagated under 
the name Variegated Sour. 

That one or more clones of similar ap- 
pearance are known in the French Riviera is 
clear from literature references to the Bigaradier 
Panaché. 


Willowleaf 


As the name indicates, this is a willow- 
leafed form of ornamental. The tree is moderately 
dwarfed, of highly symmetrical round-topped 
form, with dense compact foliage consisting 
of small, narrow, sharp-pointed, yellowish-green 
leaves. The fruits are small, round to pyriform, 
yellowish-orange and with only juiceless flesh. 

Only one clone of Willowleaf has been 
noted in California and its origin and history are 
unknown (Bitters, 1957), although it is believed 
to have been introduced under the botanical vari- 
ety name salicifolia. It is markedly different from 
Abers which has sometimes been called Willow- 
leaf. 


Zadaidai (fig. 4-27) 

The Zadaidai is a well-known variety in 
Japan. The tree is somewhat lacking in vigor, 
usually dwarfed, round-topped, and nearly thorn- 
less, but otherwise similar to the common bitter 
orange except that the leaves are slightly smaller, 
with petioles more narrowly winged. The fruit 
differs only in the fact that the calyx is un- 
usually large, well developed, and very thick and 
fleshy, a character occasionally found in other 
citrus fruits. 

Fruits Resembling the Sour Orange.—In 
parts of the Orient, notably Japan, there are cit- 
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rus fruits commonly referred to as species which 
appear to be natural hybrids of sour orange par- 
entage. Those of commercial importance that 
resemble the sour orange for the most part also 
exhibit mandarin characters. The principal fruits 
among these are the following: 


Kitchli (Vadlapudi and Guntur Sour Orange) 
[Citrus maderaspatana Tan.] (fig. 4-28) 


Fruit medium-sized, depressed globose to broadly 
obovoid; sometimes slightly necked; color yellowish- 
orange; seedy; rind rough, somewhat warty, and of 
medium thickness and adherence. Core semi-hollow at 
maturity. Flesh pale orange-colored; flavor pleasant at full 
maturity, with slightly bitter aftertaste and musky aroma. 
Prior to maturity flesh sharply acid. Cotyledons light 


green. 


An old Indian fruit of unknown origin, the 
Kitchli somewhat resembles the bittersweet or- 
ange though it is smaller, flatter, and rougher in 
surface texture. It is of commercial importance 
in South India, principally in the Guntur dis- 
trict, where it is grown on a somewhat extensive 
scale. Several clones are recognized, but only 
that of mildest flavor is propagated commercially. 





Fig. 4—27. Zadaidai bitter orange, a Japanese variety. 
(From Webber, 1943. ) 
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Fig. 4-28. The Kitchli or Guntur sour orange of south- 
ern India. ( Photo by C. P. North. ) 


Nanshddaidai [C. taiwanica Tan. & Shimada] 


Fruit medium-large, obovate; broadly necked 
and narrowly collared; seedy. Rind medium-thick but 
easily peeled; somewhat pebbled; prominent sunken oil 
glands; color lemon-yellow. Sections 10 to 12 and axis 
open. Flesh color dull yellow; juicy; acid flavor with bit- 
ter aftertaste. Seeds large, slimy, with wrinkled seed coat, 
and polyembryonic. 

Tree vigorous, upright-spreading, and _ very 
thorny. Foliage consists of medium-large, somewhat slen- 
der, light green, sharp-pointed, strongly winged leaves, 
the oil of which is suggestive of bitter orange. 


Thought to have originated in the Nanshé 
district of Taiwan (Formosa), where it has no 
economic importance, the Nanshddaidai is in- 
cluded here because of its promise as a substitute 
for sour orange rootstock in California. 


Naruto (Narutomikan) [C. medioglobosa Tan.] 


Fruit medium-sized, subglobose to slightly ob- 
long; orange-colored; seedy; rind smooth but rather thick; 
easily removed rind and open core. Flesh color yellowish- 
orange; tender and juicy; flavor good. Very late in ma- 
turity. 

A very old Japanese fruit of unknown 
origin, the Naruto is still grown but no longer 
propagated. It is confined to Awaji Island of 
Hyogo Prefecture. 


Sanbé (Sanbokan) [C. sulcata Takahashil] 


Fruit medium-sized and obovoid; collar or neck 
prominent; rind medium-thick, yellow, coarsely pebbled, 
somewhat bumpy, and easily removed, with tendency to 
re-green. Flesh moderately juicy and flavor good. Late 
maturity. 


Sanbo is an old Japanese fruit of unknown 
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origin, first described in 1848, that is still popular 
and grown mainly in Wakayama Prefecture. 


Myrtle-leaf Orange (Citrus myrtifolia 
Rafinesque) 


Because it somewhat resembles the sour 
orange, the myrtle-leaf orange (chinotto of Italy, 
chinois of France) is commonly considered to be 
a botanical variety of C. aurantium L. Indeed, 
the presumption is that the myrtle-leaf orange 
originated as a mutation from the sour orange. 
The differences are sufficiently great and the de- 
gree of variation exhibited so wide, however, as 
to appear to justify separate species standing. 

The several forms of the myrtle-leaf or- 
ange are all characterized by low vigor, slow 
growth, and small trees with brachytic thornless 
branchlets, the internodes of which are so short 
that the leaves are crowded and the growth habit 
more or less dense and compact. The leaves are 
very small, dark green, and usually but not always 


lanceolate-pointed. The fruits are small, oblate to 


round, with more or less rough rind surface and 
orange to deep orange in color. The seed content 
is highly variable and ranges from few or no 
seeds to many. 

The myrtle-leaf orange has been known 
for some centuries in the Mediterranean and, as 
its Italian and French names imply, was presuma- 
bly introduced from China. It is grown primarily 
as an ornamental though the fruits of certain 
forms have long been prized and used for candy- 
ing or “crystallizing” whole. Its commercial cul- 
ture appears to be confined largely to the prov- 





Fig. 4—29. Fruit of the large chinotto, an attractive year- 
round ornamental. ( Photo by W. P. Bitters. ) 
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ince of Liguria, Italy. Elsewhere it is an attractive 
and useful ornamental. 

At least four forms or varieties of myrtle- 
leaf orange are recognized and there are doubt- 
less several clones of each. Three of these forms 
have leaves which resemble those of the myrtle; 
the leaves of the fourth are more like those of 
the boxwood. The varieties are as follows: 


Boxwood Leaf Chinotto 
(Chinois 4 Fouilles de Buis) 


This form or variety is less dwarfed than 
any of the other chinottos and is characterized by 
somewhat larger, oval-shaped and round-pointed 
leaves that resemble the boxwood rather than the 
myrtle. The tree is round-topped and symmetri- 
cal with dense, dark-green foliage and is highly 
ornamental. The only clone grown in California 
is unfruitful and it is not known whether fruitful 
clones exist in the Mediterranean. 


Crispifolia Chinotto (Crinkle-Leaf Chinotto) 


This variety, known only in the Mediter- 
ranean basin, is reported to be less dwarfed and 
more upright in growth than any of the other 
myrtle-leafed forms and is said to be character- 
ized by crinkled or twisted leaves. 


Large Chinotto (fig. 4-29) 
This variety resembles the small chinotto 


(see below), but the plant is less dwarfed and 
larger and the growth habit less compact. The 
leaves are broader and somewhat larger and 
the flowers less showy. The large chinotto is 
highly productive and the fruits are also larger 
and hang well on the plant, making it ornamental 
the year round. The fruit is well adapted to pre- 
serving or candying. Seedless clones have been 
reported. 


Small or Dwarf Chinotto (fig. 4-30) 


This is the smallest of the myrtle-leaf or- 
anges. The plant is a highly dwarfed thornless 
tree or shrub with very small, clustered, myrtle- 
like leaves and a compact, symmetrical, round to 
broadly conical form. It blossoms profusely but 
varies greatly in fruitfulness. Some clones bear 
very little but others are highly productive. The 
fruit hangs until picked so the appearance is that 
of everbearing. 


Bergamot (Citrus bergamia Risso) 


While the distinctive fruit of the bergamot 
(bergamotto of Italy, bergamote of France) is 
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sometimes referred to as an orange, its resem- 
blances to the oranges are so remote or lacking 
that it seems best to employ the European usage. 
Both the origin of the name and its significance 
are obscure. It appears to be a hybrid of the sour 
orange, however, for which reason it has com- 
monly been regarded as a botanical variety of 
C. aurantium L. Since the differences are numer- 
ous and marked and a wide degree of variation is 
exhibited, separate species standing seems to be 
justified. 

The tree is moderately vigorous, upright 
to spreading in habit, virtually thornless, and 
with new shoot growth not pink- or purple-tinted. 
At full maturity it is medium-small to medium in 
size. The leaves are large and somewhat like the 
lemon in color, form, and emargination, although 
the blades are sharper-pointed and the petioles 
are longer and more broadly winged. 

The flower buds and flowers are medium- 
large and pure white and there is but one bloom. 
The lemon-yellow-colored fruits are small to 
medium-large, oblate, round obovate or broadly 
pyriform, frequently possess a small navel, and 
usually have a persistent style. The rind is me- 
dium-thin with a smooth to moderately rough 
surface, commonly ridged, and adherent. The 
segments are numerous and the core solid. The 
flesh is moderately firm, pale greenish-yellow, and 
highly acid with a faint bitter aftertaste. The 
highly monoembryonic seeds, comparatively few 
and sometimes none, often are not well devel- 
oped. The cotyledons are white or faintly green. 

A distinctive characteristic of both foliage 
and fruits is the strongly pungent and agreeably 
aromatic oil, which is similar to that of the sour 
orange leaf, though the rind oil of the latter is 
different. 

The bergamot has been known in the 
Mediterranean for several centuries, the distinc- 
tive and desirable characteristics of its oil hav- 
ing been recognized as early as 1750. Two kinds 
were described by Volckamer (1708-14, p. 155) 
‘and five by Risso and Poiteau (1818-22). Presum- 
ably it originated as a seedling in southern Italy. 
While there is general agreement that the sour 
orange was one parent, the other parent is a 
matter of conjecture. It has usually been assumed 
that it was the lemon, but Chapot (1962b) has 
presented rather convincing evidence in support 
of the conclusion that some kind of acid lime 
was the other parent. In this connection, it may 
be of interest to note that the distinctive aroma 
of bergamot oil occurs also in the limettas (C. 
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limetta Risso) of the Mediterranean basin, which 
are sometimes incorrectly referred to as berga- 
mots. 

For reasons that are not clear, the com- 
mercial culture of this fruit, which is grown pri- 
marily for the rind oil, is virtually confined to the 
province of Calabria in southern Italy, where 
the most recent statistics indicate a total planting 
of approximately 7,500 acres. While the tree 
grows and bears well in Sicily and in portions 
of North Africa and elsewhere, reportedly the 
oil is highly variable, inferior in quality, and 
therefore unprofitable. 

Bergamot oil is commercially important 
because it constitutes the base of cologne water 
(eau de cologne), perhaps the most widely used 
toilet water, and also has other perfumery uses. 
According to Chapot (1962b), this cologne water 
was developed in Cologne in 1676 by an Italian 
emigrant, Paolo Feminis, and commercialized by 
his son-in-law, Gian Maria Farina. Its manufac- 
ture dates back to 1709. Bergamot petit grain oil 
is another product, of minor importance, distilled 
from the leaves and young growth. An important 
byproduct of the highly acid juice in the oil ex- 
traction process is citrate of lime or citric acid. 

Varieties.—Several forms or varieties of 
bergamot are recognized, among which are the 
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Fig. 4-30. The dwarf or small chinotto. (Photo by C. P. 
North. ) 
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common Bergamot, Melarosa, Torulosa, and Pic- 
cola. 

The common bergamot (bergamotto of 
Italy) appears to consist of two clones which are 
often confused with each other and, in fact, fre- 
quently overlap in characteristics: Femminello 
(note also the lemon variety of the same name) 
and Castagnaro. The two clones are listed sepa- 
rately with other varieties below and their prin- 
cipal differences are as noted by Chapot (19625). 


Castagnaro (fig. 4-31) 

The tree is more vigorous and upright and 
attains larger size than the Femminello but is 
somewhat less fruitful. The fruit is prevailingly 
round and sometimes slightly ribbed, but fre- 
quently exhibits a short neck and obovate form. 
The rind surface is commonly rougher and the 
oil is usually somewhat less aromatic than Fem- 
minello. 


Femminello 


The tree is somewhat less vigorous and 
smaller than Castagnaro but earlier and more 


Fig. 4-31. Castagnaro bergamot, the leading variety. 
(Photo by H. Chapot. ) 
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regular in bearing. The fruit is spherical or nearly 
so, the rind smooth, and the oil somewhat more 
aromatic and hence preferred. 

Femminello is considered to be the best 
bergamot variety and Chapot (1962b) concludes 
that it represents a superior selection of Cas- 
tagnaro. 

Femminello and Castagnaro are the two 
markedly preferred varieties of bergamot and con- 
stitute virtually all of the commercial production. 


Melarosa 

The Melarosa variety is distinguished by 
the form of the fruit, which is flat to decidedly 
oblate and sometimes has a small, apical mam- 
milla. It is of minor and local importance only. 


Petite 
See under Piccola below. 


Piccola (Petite) 


This form was described by Risso and 
Poiteau (1818-22) and while mentioned in subse- 
quent literature is unknown to the writer or to 
Chapot (1962b). If Piccola were a true bergamot, 
it seems to have disappeared. More probable, 
however, is the likelihood that it represents a 
variant seedling clone or that the name was erro- 
neously used for one of the dwarf perfumery 


varieties of the sour orange, such as Bouquet. 


Torulosa (Striata) 

This variety is also characterized by the 
fruit, which is somewhat larger than Melarosa 
and broadly pyriform or obovoid. Its most dis- 
tinctive feature, however, consists in the numer- 
ous, small, longitudinal and darker-colored ridges 
in the rind which give it a striated or 65k 95 
appearance. The peel also averages thinner than 
in the other bergamots. 

Torulosa has no commercial importance. 


THE MANDARINS 


Principal in importance in the Orient are 
the mandarins, a large, distinctive, and highly 
varied group that includes some of the finest and 
most highly reputed citrus fruits. Closer in re- 
semblance to the oranges than to any of the other 
groups, these fruits are commonly referred to as 
mandarin or loose-skin oranges—a usage which 
is both unfortunate and confusing in view of the 
numerous, highly distinctive differences between 
the two groups. In the United States, where the 
name tangerine first came into common usage, 
mandarin and tangerine are used more or less in- 
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terchangeably to designate the whole group. 
Since mandarin is the older and much more 
widely employed name, its use is clearly pref- 
erable. Presumably because of the orange-red 
color of the Dancy variety, which originated in 
Florida and was introduced in the markets as 
the Dancy tangerine, horticulturists have tended 
to restrict the use of the term tangerine to the 
mandarins of similar deep color. However, this 
is a usage of convenience only and the pat Sakai 
do not comprise a ibe Ss natural significance. 
The mandarin is the mikan of Japan, the suntara 
or sangtra (numerous modifications) of India, the 
mandarino of Italy and Spain, and the mandarine 
of French-speaking countries. _ 

While the range of variation in characters 
exhibited by the mandarin group is much greater 
than in the oranges or pummelos and grapefruits 
and the existence of a number of species is indi- 
cated, the distinctive features of the group as a 
whole are as follows: 


Fruit very small to medium (prevailingly smaller 
than the oranges), oblate to highly compressed form; rind 
and fruit sections loosely adherent (more so than any of 
the oranges); open core (much more so than any of the 
oranges); flavor and aroma commonly distinctive; seeds 
with greenish cotyledons (minor exceptions). 

Tree very cold-resistant (more so than any of the 
oranges) but fruit not; distinctive leaf petiole (wings line- 
margined with few exceptions); blade notch-pointed and 
with main vein prominent above as well as below; spines 
small and few or lacking; flowers single or in unbranched 
inflorescences and prevailingly small (minor exceptions). 


That the mandarin probably originated in 
northeastern India is strongly suggested by the 
existence in the forests of Assam of a primitive 
form, Citrus indica Tan., the so-called Indian 
wild mandarin, together with numerous mandarin 
hybrids and other and more highly developed 
forms not found elsewhere. It seems clear, how- 
ever, that the King and Kunenbo mandarins must 
have originated in Indo-China and it is virtually 
certain that the satsuma mandarin had its origin 
in Japan. South China must also be the region 
of origin of some of the numerous mandarins. 
Finally, there is considerable reason for conclud- 
ing that the Mediterranean mandarin, as the 
name indicates, originated under cultivation in 
Europe, presumably in Italy. 

According to Webber (1943), the first men- 
tion of the mandarin in Europe relates to the 
introduction into England by Sir Abraham Hume 
in 1805 of two mandarins from Canton, China, 
one of which was described and illustrated in 
1817 in the Botanical Register and the other in 
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1824 in Andrews Botanical Repository. Ziegler 
and Wolfe (1961) have concluded that one of 
these introductions was the highly reputed pon- 
kan. That the mandarin had reached the Medi- 
terranean basin somewhat earlier seems likely, 
however, for Risso and Poiteau (1818-22) mention 
a “mandarin orange” which had been known there 
“for some years” and Chapot (1962c) assigns the 
date of origin of the Mediterranean mandarin as 
between 1810 and 1815. From the fact that in 
1830 the village of Monroe on the St. Johns 
River in Florida changed its name to Mandarin, 
Ziegler and Wolfe (1961) concluded that this 
fruit must have been introduced into the United 
States about 1825. The fates of that introduction 
and of another known to have been made in 
1838 are obscure. The first known successful in- 
troduction is said to have been made by the 
Italian consul at New Orleans between 1840 and 
1850 and consisted of the Mediterranean man- 
darin, which came to be known as Willowleaf 
in this country (sometimes erroneously called 
China). 

In general, mandarin trees are the most 
cold-resistant of the citrus fruits of commercial 
importance, although some of the hybrids, nota- . 
bly the Temple variety of Florida, are striking 
exceptions. So far as is presently known, the 
satsuma mandarins are the hardiest and the King 
and kunenbo group the tenderest. Primarily be- 
cause of the small size and thin rind of the fruit, 
however, the mandarins are more subject to cold 
damage than the oranges or grapefruit. Likewise, 
the mandarins are among the most heat-resistant 
of citrus fruits, comparing favorably with the 
grapefruit, although exposed fruits may become 
sunburned. The mandarins, therefore, have a 
wider range of climatic adaptation than any other 
citrus group. They also exhibit a wider range in 
total heat requirement and hence season of matu- 
rity. Thus, under comparable conditions, the 
earliest satsuma mandarins attain horticultural 
maturity earlier in the fall than any of the or- 
anges or grapefruits, and the King mandarin and 
some others ripen the following spring or early 
summer fully as late or later than the latest 
oranges or i ean It should be noted, how- 
ever, that the development of good flavor seems 
to require a period of relatively hot weather 
during the latter part of the growing season. 
Some of the mandarins, notably the Dancy vari- 
ety, appear to have a lower chilling requirement 
for good color development than do the oranges 
in general, since they color better in semitropical 
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and tropical climates. Under similar conditions, 
however, satsuma mandarins are especially slow 
in color development and commonly attain horti- 
cultural maturity while still poorly colored. For 
reasons that remain obscure, this fruit is climati- 
cally better adapted than the oranges to the 
monsoon regions of the Orient, where mandarin 
culture is highly important. 

Environmental influences on mandarin 
fruit characteristics are especially pronounced 
and important. Fruit size is markedly enhanced 
by heat and high atmospheric humidity. Fruit 
form is materially and unfavorably affected by 
low atmospheric humidity, which causes the axis 
to lengthen and the shape to become rounder and 
less oblate. In addition, the tendency to develop- 
ment of a neck, present in most mandarins, is 
accentuated. As a consequence, the form may 
change from oblate to pyriform. Such effects are 
most pronounced on some of the tangelos and 
the differences between desert-grown and coastal 
fruits of the same variety in California may be 
so marked as to be scarcely credible. Both com- 
position and flavor also are markedly influenced 
by climatic factors. In hot, humid climates the 
fruit is juicier and milder in flavor because of 
lower acid content. Moreover, the effects of root- 
stocks on these and other characteristics of the 
fruit may be even more pronounced and hignyy 
unfavorable. Thus, the rough lemon rootstock so 
markedly affects the composition of certain man- 
darins that they are insipid in flavor. In addition, 
it materially shortens the period they can be 
held on the trees without loss of quality from 
granulation. These effects seem to be accentuated 
on light-textured soils, and vice versa. In this 
connection it should be remarked, however, that 
certain rootstocks, notably trifoliate orange and 
sour orange, enhance the quality of most man- 
darins and extend the period of its retention in 
the fruit while still on the tree. Among varieties 
most sensitive to such influences is Temple in 
Florida. 

The above-mentioned climatic tolerances, 
requirements, and influences serve to explain why 
commercial mandarin culture in the United States 
has developed primarily in Florida and elsewhere 
is restricted to the hottest portions of California 
and Arizona, where it still may be regarded as 
somewhat experimental. 

The production problems and_ practices 
most distinctive to commercial culture of the 
mandarins and their hvbrids—in particular the 
tangelos—appear to be concerned with bearing 
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behavior and fruit size. Some of the mandarins— 
notably the Mediterranean mandarin and _ its 
hybrids, and Dancy also to some degree—exhibit 
a pronounced tendency to alternate bearing in 
which the large crops consist of undesirably small, 
unmarketable fruits. Not uncommonly, exces- 
sively large crops result in little or no bloom the 
following season. Thus far, attempts to regulate 
bearing behavior and control fruit size to some 
degree have been comparatively unsuccessful, 
although fruit-thinning accomplished by spring 
pruning in the heavy crop years has been re- 
ported to be helpful and is sometimes practiced. 
Chemical fruit-thinning sprays have shown prom- 
ise, particularly on mandarins; they are thus far 
limited in effectiveness because of difficulty in 
predicting the degree of thinning. 

While most citrus fruits are strongly parthe- 
nocarpic and require neither pollination nor seed 
formation for fruitfulness, this is not the case 
with certain mandarins—particularly the standard 
Clementine and the Orlando and Minneola tan- 
sen The presence of seed is requisite to fruit- 

ulness for those mandarins and can be assured 
only by cross-pollination, since they are partially 
self-incompatible. While limb girdling has been 
reported helpful for the Clementine in Morocco, 
it would appear safest to interplant with suitable 
pollinators. 

Among the fruit-handling problems en- 
countered in mandarin culture are the compara- 
tive shortness of the fresh-fruit season and the 
sensitivity of fruit to injury during handling 
aia alas With only a few exceptions, the “on- 

life of ripe mandarin fruits with retention 
of satisfactory quality is restricted to a few 
weeks, after which the rind “puffs” and both 
juice and acidity diminish rapidly. If fruit is 
picked at the right stage and kept in cold storage, 
however, the marketing season may be extended 
by several months. The availability of storage 
facilities, therefore, has special importance in the 
handling of most mandarins and particularly such 
early ripening kinds as the satsumas. Because of 
their thin, comparatively soft, loose rinds the 
mandarins are the most delicate of citrus fruits 
and even with the greatest care in all fruit- 
handling operations waste losses are still often 
considerable. 

As a result, mandarins are comparatively 
high in production and marketing costs, which 
are passed on in high prices to the consumer. 
Consequently, in the United States and Europe 
the mandarin remains a luxury or specialty fruit 
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used largely for decorative purposes or in gift 
packages for holiday season activities. 

Accurate statistics on world mandarin pro- 
duction are not available, but it is highly prob- 
able that this fruit was second to the sweet orange 
in importance in 1965-66 with a production of 
between 67 and 72 million (70-lb equivalent) 
boxes, which included 7 million boxes of Temple 
and tangelos produced in Florida. Mandarin pro- 
duction is most important in the Orient. Ue 
is by far the leader—approximately 36 million 
boxes in 1965. Production is high in India and 
China, but meaningful statistics are not avail- 
able. Florida ranks second to Japan with a 1965- 
66 production of about 5.4 million boxes (70-Ib 
equivalent) of so-called Temple oranges, 4.9 mil- 
lion boxes of tangerines, and 1.5 million boxes of 
tangelos—a total of nearly 12 million. Spain, 
Italy, and Algeria normally produce between 3 
and 4 million boxes each, Morocco about 2.5 mil- 
lion, and Argentina, Greece, and Egypt between 
1 and 2 million each. Australia, South Africa, Is- 
rael, and Lebanon produce a few hundred thou- 
sand boxes each. The 1965-66 production in Cali- 
fornia was approximately 800,000 boxes (75-lb) 
and will increase appreciably in the near future. 


Mandarin processing is of minor impor- 
tance except in Japan and Florida. In 1964-65, 
about 15 per cent of the satsuma mandarin crop 
in Japan was processed, the principal products 
being canned fruit segments and juice. A signifi- 
cant portion of the Florida production of Dancy 
tangerines is converted into canned juice. Else- 
where the principal if not the only market out- 
let is shipment as fresh fruit. 


In comparison with the oranges, the natu- 
ral group they most resemble, the mandarins ex- 
hibit a wider range of variation in such respects 
as size, fruit color, rind adherence, flavor, and 
season of maturity. While most varieties of 
commercial importance (the satsumas, Dancy, 
Nagpur, Mediterranean, and Clementine) are 
medium-small to medium in size and a few 
are medium-large to large (King and Ortanique), 
there are a number of very small-fruited man- 
darins (Cleopatra and Linokint) of horticultural 
value or interest as rootstocks or ornamentals. 


The color range exhibited is very great 
—from the pale yellowish-orange of the Medi- 
terranean mandarin and some other varieties to 
the deep orange-red of some of the so-called 
tangerines such as Dancy. In this connection, it 


should be noted that pigmented mandarins, com- 
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parable to the blood oranges, apparently do not 
exist. The so-called blood mandarin (mandarine 
sanguine) of Morocco is merely a deep orange- 
red-colored variety, the flesh of which is com- 
pletely lacking in pink or red coloration. 

With respect to degree of rind adherence, 
some of the mandarins (Ellendale, Clementine, 
and the naartje of South Africa) have rinds that 
are rather closely adherent—though readily peel- 
able—and remain so even after horticultural 
maturity in contrast with other varieties (the 
satsumas, Dancy, and Mediterranean) in which 
the rind is loosely adherent at maturity and con- 
tinues to separate thereafter. The range of varia- 
tion in flavor and aroma is also great—from bland 
to rich and fragrant. So far as the writer has 
been able to ascertain, however, there are no 
acidless mandarins comparable to the sugar or 
acidless oranges. On the other hand, Swingle 
(1943) reports there are several small-fruited man- 
darins (sunkat of South China and others) that 
are highly acid at maturity and never become 
edible. Finally, the length of season during which 
mandarin varieties attain maturity is somewhat 
longer, since some of the satsumas ripen earlier 
than any of the sweet oranges and the King 
mandarin is fully as late or later than the Valen- 
cla orange. 


With respect to seed content, the two 
groups are similar in that there are seedy, slightly 
seedy, and seedless varieties in both. However, 
there are many more orange varieties of low seed 
content, since most mandarin varieties are com- 
paratively seedy. An interesting parallel may be 
noted in the fact that the satsuma mandarins and 
navel oranges are both seedless and for the same 
reasons—viable pollen is not produced and func- 
tional ovules are exceedingly few. While navel 
varieties of the mandarin are not known, the 
satsuma group exhibits a marked tendency to 
develop small navel-like structures. Certain oth- 
er mandarins possess this tendency, but less 


markedly. 


Natural Groups 
Although obviously closely related, the 


mandarins are clearly separable into several natu- 
ral groups. Their classification into three species 
by the American authority Swingle (1943) seems 
untenable, especially in view of the fact that 
the Japanese systematist Tanaka (1954) has oe 
nized 36 species of mandarins. Tanaka’s classifi- 
cation, which clearly is the most comprehensive 
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treatment undertaken thus far, places the man- 
darins in the following five taxonomic groups: 


I. Section Acrumen—Subsection Euacrumen. 
Characterized by large flowers, leaves, and fruits. 
Three species: nobilis, unshiu, and yatsushiro. 

II. Section Acrumen—Subsection Microacrumen—Group 
Anisodora. 

A distinctive small-fruited, yellow-colored group from 
the Okinawa and Luchu islands. 
Three species: keraji, oto, and tarogayo. 

III. Section Acrumen—Subsection Microacrumen—Group 
Citriodora—Subgroup Megacarpa. 

Characterized by small flowers and leaves and medium 
to medium-large fruits. 

Fourteen species: reticulata, deliciosa, tangerina, 
clementina, suhuiensis, subcompressa, paratangerina, 
crenatifolia, benikoji, suavissima, tardiferax, gensho- 
kan, platymamma, and succosa. 

IV. Section Acrumen—Subsection Microacumen—Group 
Citriodora—Subgroup Microcarpa—Subsection Angus- 
tifolia. 

Characterized by small flowers, small but narrow 
leaves, and small fruits. 

Ten species: tachibana, kinokuni, sunki, reshni, in- 
dica, erythrosa, ponki, oleocarpa, pseudo-sunki, and 
tardiva. 

V. Section Acrumen—Subsection Microacrumen—Group 
Citriodora—Subgroup Microcarpa—Microgroup Lati- 
folia. 

Characterized by small flowers, small but broad 
léaves, and small fruits. . 

Six species: depressa, amblycarpa, leiocarpa, tumida, 
lycoperaeformis, and hainanensis. 

Of these thirty-six species Swingle recog- 
nized only tachibana and indica, wild species of 
Japan and India, respectively, and reticulata in 
which he placed all others. While the validity 
of some of Tanaka’s species may be questioned, 
in the opinion of the writer some of them are 
soundly based. Although the writer has seen 
two-thirds of the species in question, his compe- 
tence is limited to only a quarter of them and, 
unfortunately, to only four of the fourteen of 
Group III, which is characterized by small flow- 
ers and leaves but medium to medium-large fruits 
and hence has contributed numerous varieties 
of economic importance. As a consequence, but 
with hesitation and reluctance, the writer has 
tentatively grouped all but one of them (deliciosa) 
with reticulata. 

In the presentation which follows, the va- 
rieties of principal importance or promise are 
grouped, therefore, into four species: unshiu, 
nobilis, deliciosa, and reticulata. 


Satsuma Mandarin (Citrus unshiu 
Marcovitch) 


This mandarin is the famous and highly 
important Unsht mikan (Unshiu) of Japan. The 
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name satsuma, by which it has become known in 
the Occident, is credited to the wife of a United 
States minister to Japan, General Van Valken- 
berg, who sent trees of it home in 1878. Satsuma 
is the name of a former province, now Kagoshima 
Prefecture, on the southern tip of Kyushu Island, 
where it is believed to have originated. This 
mandarin may be described as follows: 

Fruit medium-small to medium, oblate to subglo- 
bose; sometimes slightly necked; seedless. Orange-colored 
but commonly matures prior to development of good color. 
Areole faint or indistinct and small; navel frequently pres- 
ent. Rind thin, somewhat leathery; surface moderately 
smooth and with large and prominent oil glands; easily 
separable. As the fruit aa through maturity, rind sur- 
face becomes increasingly bumpy and likewise its separa- 
tion increases somewhat. Segments 10 to 12, with tough 
carpellary membranes, loosely separable; axis hollow. 
Flesh orange-colored; tender and melting; flavor rich but 
subacid. Pulp-vesicles short and broad. Season of maturi 
very early to medium early (includes the earliest-known 
mandarin varieties). Fruit holds poorly on trees after ma- 
turity and must be picked promptly, but stores well. The 
occasional seeds found have light green cotyledons. 

Tree slow-growing, small to medium-small, usu- 
ally spreading and drooping, nearly thornless; foliage 
open. Leaves dark green, large, long, lanceolate, and 
tapering at base and apex, the latter usually taper-pointed. 
Both main and primary lateral veins prominent above as 
well as below. Petiole slender, very long, and wing-mar- 
gined. Tree very hardy to cold and resistant to unfavor- 
able conditions. 

The highly distinctive satsuma mandarin 
is considered to have originated in Japan some- 
time prior to 1600 a.p., the approximate period 
of the earliest known reference to it. Since it has 
never been found in China and its Japanese name 
Unshti is considered to be a corruption of Wen- 
chow, an ancient province of China, it seems 
likely that it originated as a chance seedling 
from a fruit or form imported from that country, 
probably from Wenchow Province. According 
to Ziegler and Wolfe (1961), the first recorded 
introduction into the United States (Florida) was 
by George R. Hall in 1876. The satsuma reached 
California not long thereafter and within a few 
decades was established in collections in the 
Mediterranean basin and elsewhere. 

The satsuma mandarin tree is the most 
cold-tolerant of citrus fruits of commercial im- 
portance, mature dormant trees having survived 
minimum temperatures of 15° F to 18° F in 
northern California and southern Alabama with- 
out serious injury. Moreover, because of its ap- 
parent low total heat requirement, some varieties 
ripen earlier than any of the oranges or other 
mandarins. However, warm weather is required 
during the growing season for the development 
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of satisfactory quality. As a consequence, the 
satsuma is adapted to regions of winters too cold 
for other citrus fruits and with growing seasons 
sufficiently warm to produce fruit of early matu- 
rity and good quality. For reasons that remain 
obscure, this mandarin has not proven commer- 
cially successful in the milder and hotter por- 
tions of the subtropics or in the tropics. Its range 
of climatic adaptation for commercial culture is 
therefore narrow and restricted to the upper and 
colder portions of the subtropical zones. 

In the United States, climatic conditions 
suitable for satsuma mandarin culture occur in 
parts of northwestern Florida, in a narrow strip 
extending along the Gulf of Mexico across Ala- 
bama, Mississippi, and Louisiana into eastern 
Texas, and in the thermal belt of the Sacramento- 
San Joaquin Valley basin of California. Some 
decades ago, there existed in the Gulf Coast re- 
gion what appeared to be a thriving and promis- 
ing young industry of some thousands of acres. 
Primarily because of a series of unprecedented 
vicissitudes—introduction of the citrus canker 
disease and necessity for its eradication and re- 
current devastating freezes—those plantings have 
virtually disappeared. Replacements currently 
comprise only a fraction of the original acreage. 
At about the same time, small plantings were 
made in the Sacramento Valley of California 
which persisted for several decades but ulti- 
mately were removed or largely replaced with 
other varieties, primarily because of handling 
and marketing difficulties and possibly rootstock- 
scion incompatibility problems involving virus 
diseases. In recent years, however, there has been 
a revival of interest in this mandarin and about 
1,500 acres have been planted, principally in the 
San Joaquin Valley. 

In portions of southern Japan, climatic 
conditions are favorable to the production of 
early ripening satsuma mandarins of high qual- 
ity and maximum size, which has permitted the 
development of the world’s largest and most im- 
portant mandarin industry. The total planting in 
Japan for 1963 was reported to be 215,000 acres 
with a production of about 28 million 70-lb box 
equivalents. The areas of production are widely 
distributed, involving the islands of Honshu, 
Shikoku, and Kyushu and nineteen prefectures 
(chap. 2, table 2-69, p. 142). At the present time, 
satsuma mandarins comprise about 80 per cent 
of the citrus acreage and account for approxi- 
mately a third of the total fruit tonnage harvested 
in Japan. 
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While this fruit is grown primarily for 
fresh consumption, a significant and increasing 
portion of the crop is canned as fruit segments 
or juice. Limited quantities of fresh fruit have 
been exported to Canada, where they have com- 
prised the earliest new-crop citrus fruits to reach 
the markets. Export of canned fruit segments has 
increased greatly in recent years and this excel- 
lent product is now found in both American and 
European markets. 

The most unusual or distinctive features of 
the Japanese industry are as follows: (1) much the 
greater part of the orchards are close-planted and 
are situated on relatively steep, bench-terraced 
slopes; (2) the rootstocks used are trifoliate or- 
ange (Poncirus trifoliata [L.] Raf.) and Yuzu (C. 
junos Siebold), mainly the former; (3) a common 
and recommended practice is inarching trees on 
trifoliate rootstock at 12 to 15 years of age or 
even older with Yuzu seedlings to offset dwarfing 
and prolong their productive life; (4) the employ- 
ment of regular and severe pruning; and (5) the 
availability of extensive storage facilities which 
make possible notable extension of the fresh- 
fruit marketing and processing seasons. 

At the dawn of modern horticulture in 
Japan, five kinds, groups, or varieties of unshu 
mikans were recognized, three of the names of 
which refer to localities or districts, one to sea- 
son of maturity of the fruit, and the other to 
antiquity of origin. These horticultural groups 
are as follows: 

1. Wase (Early)—All se a ter clones 
were placed in this group irrespective of origin, 
known or otherwise. Indeed, all varieties of Unshi 
are classified into two groups—Wase Unshdi (earli- 
est to ripen, hence very early) and Unshd (ripen- 
ing later, but still early). More recently the latter 
has been subdivided into the intermediate or mid- 
season varieties—Nakate Unshti—and the late 
ripening varieties—Futsu Unshi. Wase itself is 
therefore not a horticultural variety but consti- 
tutes a group of very early ripening varieties, 
each of which carries its own name. In general, 
however, these varieties are distinctively differ- 
ent from the typical Unshi. 

2. Zairai (Native, indigenous, or old)—This 
group is said to include what are considered to 


_ be the oldest clones of unknown parentage or 


origin. Thus, Miyagawa, currently the most im- 
portant of the Wase varieties, is known to have 
originated as a limb sport in a Zairai tree. Zairai 
does not exist as a named variety, however, 
though Zairai clones as a group are usually seedy 
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and inferior in other respects. They are reported 
to have originated mainly in Fukuoka Prefecture 
of Kyushu Island where the Unshi was early 
taken from Satsuma Province. 


3. Owari (an old province on Honshu Is- 
land, now Aichi Prefecture)—This group, much 
the most important, represents an old clonal va- 
riety which early became popular and predomi- 
nant in Owari Province and may have originated 
there, although it is thought to have come from 
Ikiriki of Nagasaki Prefecture. Because of its 
excellence, it spread throughout the country and 
until approximately 1940 was virtually the only 
variety planted commercially. Since World War 
II, however, the plantings have been restricted 
largely to derivative varieties known to have 
originated as bud mutations in Owari trees. 
Owari itself seems no longer to be propagated 
as a clonal variety, though it still comprises the 
bulk of the production. As a group it is character- 
ized by good tree vigor and productivity and flat 
fruit of good quality which, because of the firm 
consistency of the flesh and tough carpellary 
membranes, is especially suitable for canning. 


4 and 5. Ikeda and Ikiriki (town or village 
names in Osaka and Nagasaki Prefectures)— 
These our seem also to represent old varieties 
of local origin no longer propagated, though old 
plantings still exist—of the former, on Shikoku 
Island and in nearby Wakayama Prefecture on 
Honshu Island; of the latter, mainly in Saga and 
Nagasaki Prefectures of Honshu Island. 


Ikeda is reported to be characterized by 
small, subglobose, and virtually seedless fruit of 
mediocre quality and relatively late maturity. The 
trees of Ikiriki are said to be small, compact, and 
not very productive, but the fruit is reported to 
be seedless and of excellent quality. 


During the period of 1908-1911, approxi- 
mately a million satsuma trees were imported 
and planted in the United States. A few years 
later, a study of the varieties included in the 
importations (Scott, 1918; Tanaka, 1918) disclosed 
that they consisted mainly of the Owari type or 
variety, although three others—Wase, Ikeda, and 
Zairai—were also identified and described. In 
view of these facts, the authenticity of the Wase 
and Zairai clones in question is doubtful at least 
and the clones of Owari and Ikeda should prob- 
ably be regarded as selections of those varieties. 
Fortunately, however, the Owari identified and 
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propagated in the United States appears to be 
true to type for Silverhill, a seedling clone de- 
rived from it in Florida and considered to be of 
nucellar origin. It has been tested in Japan and 
is among the clones currently recommended for 
planting there. 

The satsuma mandarins must be regarded 
as a highly unstable group, for as early as 1932 
Tanaka (1932) reported numerous bud variations 
of which some thirty were named and described. 
This list has now been extended to a hundred 
or more, some of which appear to be identical 
although of different origin. Of current impor- 
tance or promise are the varieties described be- 
low, nearly all of which are derivatives of Owari. 


Early (Wase) Varieties.—Since the satsu- 
mas are characterized by early fruit maturity, the 
Wase varieties are very early ripening—late Sep- 
tember and October. As a group the trees are 
said to be more or less ee in vigor, slow 
growing, and dwarfed. They have moderately 
dense foliage consisting of relatively small leaves 
with slender, faintly line-marginated petioles. The 
Wase varieties comprise about one-fifth of the 
total mandarin acreage in Japan. The descriptions 
that follow are from M. Nishiura of the Horticul- 
tural Research Station at Okitsu, Japan." 


Aoe (Aoe Wase) 


Aoe is primarily of historical interest. It is 
said to be the oldest known and hence, perhaps, 
the original variety of this early ripening group. 
While no longer propagated, it is still important 
in some of the older districts of Japan. 


Iseki (Iseki Wase) 

Iseki is currently confined to Koneshima 
Island in the sea of Japan, where it is gradually 
being replaced by the larger-fruited Miyagawa 
variety. It is considered to have outstanding eat- 
ing quality. 

Matsuyama (Matsuyama Wase) 


Fruit somewhat more oblate than Miyagawa, the 
leading Wase variety, but reported to mature slightly 
earlier. 

Tree also more vigorous. Tested rather widely and 
considered to be highly promising. 


Matsuyama originated as a limb sport in 
an Owari tree on the property of U. Ukumori, at 
Matsuyama, Ehime Prefecture. The variety was 
found about 1935 and registered in 1953. 


14 Letter to the writer from M. Nishiura, dated May 30, 1963. 
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Miho (Miho Wase) 


Fruit somewhat more oblate than Miyagawa, but 
higher in sugar, usually lower in acid, and earlier in ma- 
turity. 

Tree also more vigorous. Markedly similar to 
Okitsu, but fruit from young trees has been slower to color 
and in some locations trees have been somewhat more 
vigorous. 


The Miho variety originated as a sister 
nucellar seedling to Okitsu but seems to have the 
slight differences mentioned above. It was regis- 
tered in 1963. 


Miyagawa (Miyagawa Wase) (fig. 4-32) 

Fruit large (for satsuma), moderately oblate, with 
thin and smooth rind. Seedless. Juice abundant, sugars 
and acid well-blended, and quality excellent. Matures very 
early and stores well for Wase Unshu. 

Tree more vigorous than most old Wase clones 
and productive. 


Miyagawa a ape li as a limb sport in 
a Zairai tree in Fukuoka Prefecture and was 
named and introduced by Dr. Tyézabur6é Tanaka 
in 1923. It is currently the best known and much 
the most extensively grown of the Wase varieties. 


Okitsu (Okitsu Wase) (fig. 4-33) 


Fruit somewhat more oblate than Miyagawa, but 
aes higher in sugar content and matures a week or 
so earlier. Trees also more vigorous. 


Okitsu originated as a nucellar seedling of 
Miyagawa from a controlled pollination with 
Poncirus trifoliata made by Doctors M. Kajiura 
and T. Iwasaki at the Horticutural Research Sta- 





Fig. 4-32. Miyagawa, currently the most widely grown 
of the Wase varieties. (Photo by M. Nishiura. ) 
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tion, Okitsu, in 1940. It was distributed for trial 
in 1953, registered in 1963, and appears to be 
highly promising. 

Late (Unshu) Varieties.—The late satsu- 
ma varieties ripen in November-December and 
hence are early to medium-early in their maturity 
season. 


Hayashi (Hayashi Unshi) 


Fruit medium-large; sugars and acid relatively 
high; keeping quality exceptionally good; otherwise like 
Sugiyama (p. 505), the principal variety. Medium-early in 
maturity (December). 

Tree very vigorous (for satsuma), productive, and 
more upright than Sugiyama. 


Hayashi originated as a bud variation of 
Owari on the property of B. Hayashi in Waka- 
yama Prefecture and was found about 1920 and 


introduced in 1925. It is grown primarily as a 
shipping variety and stores well. 


Ishikawa (Ishikawa Unshd) (fig. 4-34) 


Fruit very large (one of the largest); rind finely 
pitted; sugar ant’ acid both high; keeping quality ve 
good. Maturity season late for satsumas fri Decevibiec. 
Otherwise like most other varieties. 

Tree vigorous (for satsuma), with large, long, 
somewhat-drooping branches; leaves larger than most 
other varieties. 


The Ishikawa variety originated as a bud 
mutation of Owari in the orchard of K. Ishikawa 
in Shizuoka Prefecture. It was noted about 1934 
and apes in 1950. This variety is grown 
primarily because the fruit is late to mature 
and stores well. 





Fig. 4-33. Okitsu, a nucellar seedling of Miyagawa 
Wase, which is considered to be highly promising. ( Photo 
by M. Nishiura. ) 
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Nankan No. 4 


Fruit large; sugars high and acid low; early in 
maturity (November). Otherwise not distinctive. 
Tree vigorous and productive. 


Nankan No. 4 originated as a bud variation 
of Owari on the property of S. Yakushiji in 
Ehime Prefecture and was introduced about 1925. 
It is an early shipping variety in some prefectures. 


Owari (Owari Satsuma) 


Fruit medium in size, medium-oblate to subglo- 
bose; sometimes slightly necked; seedless. Orange-colored 
but commonly matures in advance of good coloration. 
Rind thin and leathery; surface smooth to slightly rough; 


easily separable. As maturity passes, the neck, if present, 


increases in size, the rind roughens, and its looseness in- 
creases, becoming baggy. Segments 10 to 12, with tough 
carpellary membranes; loosely separable; axis hollow 
Flesh orange-colored; tender and melting; flavor rich but 
subacid. Season of maturity early November-December. 
Fruit holds poorly on trees after maturity and must be 
picked promptly but stores well. 

Tree moderately vigorous but slow-growing; me- 


dium-small, spreading and drooping; very productive. 


This variety is of ancient and unknown 
Japanese origin presumably from the old prov- 
ince of Owari, whence the name. While still im- 
portant in the older districts it has largely been 
displaced by derivative varieties that have arisen 
from it through bud variation. What is believed 
to be true Owari was introduced into the United 
States more than fifty years ago and, since recent 
Japanese descriptions of it are not available, the 
characterizations given here are adapted from 
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Webber (1943). Two nucellar selections, Silver- 
hill Owari and Frost Owari, have been derived 
from it in the United States and are currently 
recommended. Kara, a variety of some interest 
in California, is a hybrid between Owari sat- 
suma and King mandarin. Likewise, the Umatilla 
tangor of Florida is an Owari satsuma-Ruby blood 
orange hybrid. 


Silverhill (Silverhill Owari) 


Fruit medium in size, slightly more oblate than 
most; rind relatively thin and smooth; seedless. Juice 
abundant; sugars high and acid low (hence very sweet); 
quality excellent; stores well. Season of maturity early 
(November). 

Tree very vigorous (for satsuma), more upright 
than most others; productive; markedly cold-resistant. 


Silverhill is a nucellar seedling selection 
of Owari from a cross made by W. T. Swingle 
of the U.S. Department of Agriculture in Florida 
about 1908. The variety was named and intro- 
duced about 1931. In collections in California, it 
is indistinguishable from the Frost Owari derived 
at the Citrus Research Center, Riverside, Cali- 
fornia, and almost certainly they are identical. 
They constitute what are considered to be the 
best clones currently available in the United 
States. 

Silverhill has been tested in Japan, where 
the above characterization was taken to permit 
direct comparison with other varieties. It is rec- 
ommended for planting in Japan as a promising, 
early shipping variety of Unshu. 





Fig. 4-34. Ishikawa, a large-fruited budsport of Owari 
Unshu. (Photo by M. Nishiura. ) 
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Fig. 4-35. Sugiyama, a widely-grown bud variation of 


Owari Unshu. ( Photo by M. Nishiura. ) 
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Another nucellar selection, which so closely 
resembles Silverhill that it is virtually indistin- 
guishable, is Tanikawa Unshi, which originated 
as a nucellar seedling in the breeding program 
of the Horticultural Research Station at Okitsu 
about 1920 and was named for its originator, T. 
Tanikawa. The only differences reported are a 
somewhat lower average sugar content in the 
fruit and slightly higher average yield to date. 
Like Silverhill, it is recommended as an early 
shipping variety. 

Sugiyama (Sugiyama Unsht) (fig. 4-35) 

Fruit large (for satsuma), oblate; rind relatively 
thin and smooth; seedless. Juice abundant; ea rela- 
tively high and acid low; quality excellent. Early in ma- 
turity (November). 


Tree moderately vigorous, spreading, drooping, 
and productive. 


Sugiyama originated as a bud variation of 
Owari in the orchard of J. Sugiyama in Shizuoka 
Prefecture. First noted about 1930, it was intro- 
duced in 1934. It is one of the principal shipping 
varieties and is widely grown. 


Minor Varieties.—Satsuma varieties grown 
on a limited scale and those which offer promise 
for the future are described below. 


Dobashi-Beni Unshu 


Distinctive only because of its deep orange-red 
color. Fruit of good quality, ripening in late November or 
early December. 

Tree of medium vigor. 


This variety originated as a limb sport of 
Owari in the orchard of K. Dobashi in Shizuoka 
Prefecture and was noted about 1940. In marked 
contrast is Yamabuki Unshi, which is character- 
ized by yellow rind and flesh."® 


Juman Unshu 


Vigorous-growing, small-leafed, late-ripening (De- 
cember) variety. Fruit medium-large; rind surface finely 


pitted ; flavor rich; very good keeping quality. 


The Juman Unshi is considered to be 
promising as a late shipping and storage variety 
for the warmer sections of Japan. It originated as 
a bud mutation of Owari in the orchard of K. 
Juman in Kochi Prefecture (Shikoku Island) and 
was named and registered in 1953. 


Nagahashi Unshu 


This variety is very similar to Yonezawa 
below, but the fruit is not as bright in color and 
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both tree vigor and fruit quality are inferior. A 
limb sport of Owari that originated on the place 
of T. Nagahashi in Shizuoka Prefecture, this 
variety was noted about 1935. 


Yonezawa Unshu 


Very we Ni -fruited, bright-colored, early ripening 
variety that closely follows the Wase varieties. Tree vigor 
somewhat lacking, however, and fruit quality only medi- 
ocre. 

This variety originated as a limb sport of 
Owari on the property of Y. Yonezawa in Shi- 
zuoka Prefecture and was named and registered 
in 1955. 


Fruits Resembling the Satsuma 


Yatsushiro (Yatsushiro Mikan) 


An older mandarin the fruit of which more 
closely resembles satsuma than any other, accord- 
ing to Tanaka (1961a), is the Japanese Yatsushiro 
mikan (C. yatsushiro Tanaka), currently of minor 
and decreasing importance because of an in- 
ability to compete with satsuma. Although of 
smaller size and sometimes moderately seedy, the 
fruit is well-colored, juicy and pleasantly sweet. 
The leaves, however, are not satsuma-like and 
are definitely winged. 

Of ancient Japanese ne , Tanaka (1961a) 
considers this fruit to have been derived from 
the small-fruited Kisht mikan (C. kinokuni Tan.) 
(see pp. 525). 


King Mandarin (Citrus nobilis Loureiro) 


The most widely employed name for this 
little known and relatively unimportant group 
derives from the American variety known as King 
which came from Indo-China (South Vicia 
and closely corresponds with Loureiro’s original 
description of the species nobilis. In the earlier 
French literature, it was commonly referred to 
as the Indo-Chinese or Camboge mandarin. The 
Japanese name kunenbo (Kunembo) applies to 
forms that occur there and in China, Taiwan 
(Formosa), and Okinawa, which are somewhat 
different but are considered to belong to this 
species. 

It appears to be the consensus that the 
King group originated in Indo-China, whence it 
spread northward as far as Japan and southward 
throughout Malaya. Many of the mandarins cur- 
rently found in the Malayan region and a few in 
China appear to be of the nobilis type. Some of 
the characters exhibited by this group are orange- 


15 Letter to the editor from W. P. Bitters, dated August 6, 1965. 
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Fig. 4-36. The Kunenbo mandarin of Japan. (Photo by 
M. Nishiura. ) 


like and others are intermediate between that 
fruit and mandarin, which supports the conclu- 
sion that King probably originated as a hybrid 
between the two and is therefore a natural tangor. 
That there are consistent and possibly sig- 
nificant differences between the Kunenbo (fig. 
4-36) and King (fig. 4-37) mandarins has been 
pointed out recently by Tanaka (1961b), but he 
still considers them as belonging to the same spe- 
cies. The principal differences he mentions are 
the larger size and the thicker tuberculate rind 
of the King as compared to the thinner and 
smoother rind of Kunenbo and the shorter, less- 
strongly-beaked seeds with cream-colored coty- 
ledons of Kunenbo. To these the writer would 
add a more acrid rind oil and slightly bitter flesh 
taste for Kunenbo and a considerably more up- 
right and irregular habit of growth for the King, 
with leaves that are less mandarin-like in form 
and appearance. Several kinds of Kunenbo have 
been Sesenbed by Tanaka (1961b), and a number 
of clones have been reported in Indo-China and 
Malaya which appear to be similar to the King 
variety of the United States described below. 
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King (King of Siam) (fig. 4-37) 


Fruit large (among the largest of the mandarins), 
oblate to depressed globose; base sometimes short-necked 
but usually depressed and furrowed; apex flattened or 
depressed; areole moderately distinct. Rind thick (very 
thick for mandarins), moderately adherent but peelable; 
surface moderately smooth to rough and warty. Deep yel- 
lowish-orange to orange at maturity. Segments 12 to 14, 
readily separable; axis large and hollow. Flesh color deep 
orange; tender; moderately juicy; flavor rich. Seeds few 
to many and cotyledons cream-colored. Late to very late 
in maturity and stores well on tree. 

Tree moderately vigorous, upright and open in 
growth habit, and medium in size, with comparatively few 
thick, stiff and erect, thornless to moderately thorny 
branches. Foliage open and consists of large, dark-green, 
broadly-lanceolate leaves, the petioles of which are me- 
dium in length and narrowly wing-margined and the 
venation inconspicuous in comparison with most other 
mandarins. Very productive but markedly subject to loss 
from tree breakage and fruit sunburn. Tree cold-resist- 
ant but less so than most mandarins. 


According to Webber (1943), this variety 
originated as a seedling from fruits of that name 


received by H. S. Magee of Riverside, California, 
in 1880 through the courtesy of the United States 





Fig. 4-37. King mandarin, a variety of Asiatic origin. 


HORTICULTURAL VARIETIES 


Minister to Japan, John A. Bingham, who ar- 
ranged to have them sent from Saigon, Cochin- 
China (South Vietnam). It is stated that Magee, 
who was a nurseryman, sent both seedlings and 
budwood to J. C. Stovin of Winter Park, Florida, 
in 1882. 

Climatically, the most distinctive feature 
of this variety is its very high heat requirement 
for the attainment of horticultural maturity and 
good quality, for which reason it is the latest 
ripening of the mandarins. The fruit also is mark- 
edly affected by environmental influences, in- 
cluding both rootstock and soil. Thus, when 
grown in Florida on sour orange rootstock in the 
heavier-textured soils, the size is large, rind sur- 
face relatively smooth, and the flavor excellent— 
rich and sprightly. On ate lemon rootstock in 
light-textured soils, the rind surface is rough and 
warty and the flavor much less pronounced. As 
a consequence, for satisfactory quality its range 
of commercial adaptation is quite restricted. In 
California, it attains acceptable flavor only in the 
hottest interior districts and is undesirably rough 
in rind surface and unattractive in appearance. 

At one time King had considerable impor- 
tance in Florida, but it is now grown very little 
commercially. It is still used in the gift-package 
trade, however, and for home planting. It has 
never achieved importance in California. 

Of horticultural interest in connection with 
this variety is the fact that several of its hybrids 
are currently of commercial interest in California 
and elsewhere, among which are Encore, Honey 
(not the Murcott of Florida), Kinnow, and Wilk- 
ing, all of King  Willowleaf parentage, and 
Kara of Owari satsuma X King parentage (Frost, 
1935). 

Several observers have reported similari- 
ties between the fruits of King and Campeona, 
a variety of growing importance in Argentina. 
These similarities include size, form, roughness 
and thickness of rind, white cotyledons, and late- 
ness of maturity. 


Mediterranean Mandarin 
(Citrus deliciosa Tenore) 


This is the common mandarin of the Medi- 
terranean basin which is known by many names, 
most of them local place names that refer to its 
origin as native or are synonyms of the word 
common. According to Chapot (1962c), among 
the principal place names are Ba Ahmed (Mo- 
rocco), Blida, Boufarik and Bougie (Algeria), 
Bodrum (Turkey), Paterno and Palermo (Italy), 


Google 


507 


Nice and Provence (France), Valencia (Spain), 
and Setubal (Portugal). Synonyms for com- 
mon or native are commune (French), comun 
(Spanish), gallego (Portuguese), koina (Greek), 
yerli (Turkish), and beladi (various spellings) for 
Arabic. Other names include Effendi or Yousef 
Effendi (Egypt and the Near East), Avana or 
Speciale (Italy), Thorny (Australia), Mexirica or 
Do Rio (Brazil), and Chino or Amarillo (Mexico). 
In the United States, it is known as the Mediter- 
ranean or Willowleaf mandarin. 

The excessively numerous names by which 
this mandarin is known are misleading since they 
suggest the probable existence of a number of 
varieties. Such is not the case, however, for 
Chapot (1962c) has been unable to find dif- 
ferences between them in collections assembled 
in Morocco. Comparisons in California between 
Baladi (Egypt), Avana (Italy), Comun (Spain), 
and Ba Ahmed (Morocco) have shown no dif- 
ferences except those to be expected between 
old and young (seedling) clonal lines. 


Mediterranean (Mediterranean Common, 


Willowleaf) (fig. 4-38) 


Fruit medium in size, moderately oblate, fre- 
quently slightly lobed; base sometimes even, but usually 
with low collared and strongly furrowed neck; apex de- 
pressed and commonly slightly wrinkled; areole lacking; 
small navel-like structure fairly common. Seeds numer- 
ous, small, round, plump, and highly polyembryonic, with 
light green cotyledons. Rind thin, not leathery, loosely 
adherent; surface smooth and glossy with large, deep 
colored oil glands; color yellowish-orange at maturity. 
Segments 10 to 12, very loosely adherent; axis hollow. 
Flesh color light orange; tender; juicy; flavor sweet; 
pleasantly aromatic (distinctive). Moderately early to early 
midseason in maturity. As fruit a through maturity, 
rind separation increases sharply and “puffing” takes 
place, accompanied by marked oss of acidity. Fruit loses 
quality unless picked promptly. Unfortunately, fruit does 
not store well (in comparison with satsuma). 


Tree slow growing, of medium vigor and size, 
broad-spreading, and drooping in growth habit; branches 
fine, wiliowy, and nearly thornless; leaves small, narrowly 
lanceolate, and of distinctive appearance. Tree hardy to 
cold and resistant to aafavorable conditions, but exhibits 
strong tendency to alternate bearing. 


In comparison with the other mandarins, 
the most distinctive characteristics of the Medi- 
terranean mandarin include: (1) the small size 
and narrow-lanceolate form of the leaves and 
the special nature and aroma of the oil they con- 
tain; (2) the mild and pleasantly aromatic flavor 
of the juice; (3) the distinctive nature and fra- 
grance of the rind oil; and (4) the plump and 
almost spherical seeds. Additional distinctive 
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Fig. 4-38. The common Mediterranean or Willowleaf 
mandarin, probably the most widespread variety. (Photo 
by H. Chapot. ) 


characteristics not confined to this mandarin are 
the spreading-drooping habit of growth and the 
very high degree of seed polyembryony. 

Since this highly distinctive mandarin ap- 
pears not to have been found in the Orient, it 
seems likely that it originated in the Mediter- 
ranean basin and almost certainly in Italy. After 
careful review of the literature, Chapot (1962c) 
has concluded that it appeared in Italy between 
1810 and 1818. It is reported to have been im- 
ported into Egypt from Malta about 1830 and 
is known to have been in commercial production 
in Italy by 1840, whence it was taken to Algeria 
in 1850. Within a few decades, it spread to all 
the countries of the Mediterranean basin and 
Near East and soon attained considerable com- 
mercial importance. It was brought to the United 
States by the Italian consul at New Orleans and 
planted in the consulate grounds there sometime 
between 1840 and 1850, apparently being the 
first mandarin to reach this country. Not long 
thereafter, it was taken to Florida and thence 
probably to California and elsewhere. 
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The parentage and mode of origin of this 
fruit are not known, but it seems likely that it 
arose as a chance seedling from a mandarin vari- 
ety or form of Chinese origin. Because of certain 
resemblances, Tanaka (1954, p. 16) has suggested 
the possibility that the szu-ui-kom, szinkom, or 
sun-wui-kom (Citrus suhuiensis Tan.) of southern 
China might be the seed parent, although he 
insists that the two species are distinct. As seen 
by the writer in the collection at the Govern- 
ment Horticultural Research Institute, Saharan- 
pur, India, the latter fruit exhibits numerous and 
striking similarities to the Mediterranean manda- 
rin, including the habit of growth, appearance, 
and distinctive flavor and aroma of the fruit. 
The leaves, however, are much more broadly 
lanceolate. 

Because of its high heat requirement, tol- 
erance, and the fact that the fruit is well-shaded, 
this mandarin is adapted to the hot and dry cli- 
mates that characterize the Mediterranean basin 
and Near East. In general, because of the greater 
amount of heat, both fruit size and quality are 
superior in North Africa and the season of matu- 
rity earlier than in Italy and Spain. The Baladi 
or Yussef Effendi mandarin of Egypt is notable 
for earliness of maturity and size, the latter evi- 
dently an effect of the humidity resulting from 
the flooding of the Nile during summer and early 
fall. In the heat-deficient coastal region of south- 
ern California, the fruit is small, of indifferent 
quality, and late in maturity. 

Although decreasing in importance because 
of the substitution of other varieties, notably 
Clementine, the Mediterranean mandarin cur- 
rently ranks second to the satsumas of Japan. 
While accurate and complete statistics are not 
available, the 1961 crop was estimated at not less 
than 11 million 70-lb box equivalents. The prin- 
cipal producing countries, ranked in approximate 
descending order of importance, appear to be 
Italy and Spain, followed by Algeria, Egypt, 
Brazil, Greece, and Argentina. This mandarin is 
of commercial importance, however, in virtually 
every citrus-producing country of the Mediter- 
ranean basin and the Near East. Early taken to 
South America and grown largely as seedling 
trees, it is the Mexirica do Rio or Do Rio of Brazil 
and comun mandarin of Argentina and Uruguay 
and is reported to account for most of the man- 
darin production of those countries. In the United 
States, it is grown as a collection item or door- 
yard ornamental. 

Presumably because of the fruit charac- 
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teristics, processing of the Mediterranean man- 
darin has not been developed. Two byproducts 
are made, however, principally in Sicily: rind oil 
and oil of petit grain. The rind oil is used in the 
preparation of perfumes and toilet waters and 
for the flavoring of confections and carbonated 
beverages. Petit grain, which is distilled from 
the prunings and comes mainly from the leaves, 
has a strong and highly distinctive odor. 

The uniquely important, still unsolved 
problem with the Mediterranean mandarin is how 
to control its marked alternate-bearing tendency 
so as to regulate production and ensure fruit of 
good size. Neither pruning nor fertilization, alone 
or in combination, have succeeded thus far. Be- 
cause of the highly delicate nature of the rind, 
all handling operations must be performed with 
special care to avoid fruit injury. Despite such 
care, losses from decay are commonly excessive. 

According to Trabut (1902a, 1902b), the 
Clementine mandarin, now replacing the Medi- 
terranean mandarin in parts of North Africa, is 
probably a natural hybrid of it and the Granito 
bitter orange, a view which has never received 
complete acceptance and seems highly doubtful 
(see p. 492). However, this fruit is the pollen 
parent of three hybrid varieties currently of in- 
terest in California and elsewhere—Encore, Kin- 
now, and Wilking—created by Frost (1935). The 
seed parent of the hybrids is King mandarin. 

Two new varieties of Mediterranean man- 
darin have been reported in recent literature, the 
Tardivo di Ciaculli or Ciaculli Late of Italy (Za- 
nini and Crescimanno, 1955) and an unnamed 
seedless clone in Spain (Gonzalez-Sicilia, 1963, p. 
215). A late-maturing variety would appear to af- 
ford little advantage, but a commercially seedless 
variety of good quality might well prove to be 


highly valuable. 


Common Mandarins 
(Citrus reticulata Blanco) 


For reasons previously discussed (see p. 
500), the writer has provisionally included in the 
common mandarins (Citrus reticulata Blanco)— 
one of the three species recognized by Swingle 
(chap. 3, p. 380)—thirteen of the fourteen species 
in Group III of Tanaka (1954). These species 
are characterized by small flowers and leaves 
and medium to medium-large fruits. As might be 
expected, this group is quite varied and exhibits 
a wide range in both tree and fruit characters. 
In contrast with the three other species of man- 
darins presented in this treatment, some of the 
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varieties characterized below are “tightskin” man- 
darins. Although peelable, their rinds are much 
more tightly adherent than the “looseskin” man- 
darins and “puff” very little—if at all. In addition, 
they usually have more solid axes. Certain vari- 
eties also are included such as the Clementine, 
Ellendale, and Murcott, which have been or may 
be considered to be natural tangors. 


Major Common Mandarin Varieties.—The 
major varieties of common mandarins are de- 
scribed below. 


Algerian 
See under Clementine (p. 510). 


Beauty (Beauty of Glen Retreat, Glen) 
(fig. 4-39), 

Fruit medium in size, oblate; base usually with 
well developed but small, more or less eueaegaien, neck; 
apex somewhat depressed. Rind thin, firm, but easily re- 
moved; surface smooth and glossy; color orange-red at 
maturity. Segments 9 to 13, easily separated; axis medium 
and hollow. Flesh orange-colored; tender; juicy; sprightly 
flavored. Moderately seedy and cotyledons light-green. 
Midseason in maturity. 

Tree vigorous, medium to large, upright-spread- 
ing, virtually thoinless, with dense foliage consisting of 
medium-sized, broadly lanceolate leaves. Strong tendency 
to alternate bearing with undesirably small and tart fruit 
in the “on” years. 


Beauty is said to have originated about 
1888 as a seedling on the property of W. H. 
Parker, Glen Retreat, at Enoggera (a suburb of 





Fig. 4-39. Beauty mandarin, one of the principal Aus- 
tralian varieties. (Photo by E. C. Levitt. ) 
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Brisbane), Queensland. The parent variety is un- 
known but the similarities with Dancy are such 
as to lead R. J. Benton, former government citrus 
specialist in New South Wales, to the conclusion 
that this variety is a seedling of the Dancy type, 
which is highly polyembryonic and reproduces 
remarkably true from seed. 

Beauty is highly popular in Queensland, 
where climatic conditions favor the production 
of large, superior quality fruit. It is reported that 
overbearing in alternate years is successfully 
counteracted by a combination of heavy pruning 


and hand thinning. 
Campeona (fig. 4—40) 


Fruit large (very large for mandarin), broad] 
oblate; base rounded and commonly short-necked wit 
Saar radiating furrows or ridges; apex moderately 

epressed; smooth or with shallow radial furrows; com- 
monly with small, embedded navel. Rind medium-thick, 
comparatively soft, moderately adherent but readily peel- 
able; surface roughly pebbled and somewhat bumpy with 
prominent, sunken oil glands; orange-colored at maturity. 


Fig. 440. Campeona, a large-fruited mandarin variety 
of increasing importance in Argentina and Uruguay. 


(Photo by H. Chapot. ) 
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Segments 10 to 13, moderately adherent; axis large and 
semi-solid to solid. Flesh orange-colored; juicy; flavor 
rich and sprightly (somewhat acid). Seedy to very seedy 
and cotyledons white. Medium-late in maturity. 

Tree of medium vigor and size; branches numer- 
ous, slender, and thornless; foliage dense and composed 
of medium-sized, narrowly lanceolate, sharp-pointed 
leaves. 

Several competent observers have noted 
similarities between the fruits of Campeona and 
King in rind thickness and surface character- 
istics, color of the cotyledons, and lateness of 
maturity. As a result, they have tentatively placed 
it in the King group (C. nobilis). It is to be 
remarked, however, that tree descriptions of the 
King and Campeona do not correspond. The 
Campeona has sometimes erroneously been called 
Bergamotta, a name that should be abandoned. 

In Entre Rios Province of Argentina, 
where this variety has considerable and increas- 
ing importance, it is said that Campeona is of 
unknown Uruguayan origin and was introduced 
from Salta. to the government citrus station at 
Concordia. The quality of the fruit is reported to 
be outstanding on Poncirus trifoliata rootstock. 


Clementine (Algerian) (fig. 4-41) 


Fruit size variable, ranging from medium-small 
to medium; form likewise quite variable, with range from 
slightly oblate through globose to oblong and sometimes 
bscadlly pyriform from development of neck or collar; 
base usually rounded but sometimes collared or necked; 
apex depressed; occasionally with small navel. Rind me- 
dium in thickness; moderately firm and adherent, but 
easily peelable and does not puff until well after matur- 
ity; surface smooth and glossy, but slightly pebbled be- 
cause of prominent oil glands; color deep orange to red- 
dish-orange, but not as red as Dancy. Segments 8 to 12, 
slightly adherent; axis medium and open. Flesh color deep 
orange; tender and melting; juicy; eel sweet; subacid 
and aromatic. Seeds very few to medium in number (de- 


pending on cross-pollination), monoembryonic, and pet ont 
ile 


dons mostly green (some white). Early in maturity. W 
the rind puffs somewhat after maturity, on some rootstocks 
fruit holds on tree for several months with little loss in 
quality. 

Tree medium in vigor and size, spreading and 
round-topped; branchlets fine-stemmed, willowy, and 
nearly thornless; foliage dense. Leaves highly variable 
in size, narrowly lanceolate in form, and somewhat re- 
sembling the Mediterranean or Willowleaf mandarin. In 
most locations, regular and satisfactory bearing is assured 
only by the provision of cross-pollination. Tree strongly 
cold-resistant. 

According to Trabut (1902a, 1902b, 1926) 
this highly important North African variety origi- 
nated as an accidental hybrid in a planting of 
mandarin seedlings, presumably of the common 
or Mediterranean mandarin, made by Father 
Clement Rodier in the garden of the orphanage 
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of the Péres du Saint-Esprit at Misserghin, a 
small village near Oran, Algeria. It was one of 
several aberrant plants Trabut noted and was 
selected by him and named Clementine by the 
Horticultural Society of Algiers on his recom- 
mendation (Chapot, 1963a). It was Trabut’s 
conclusion that the seed parent was the Medi- 
terranean mandarin and the pollen parent a 
willow-leafed ornamental variety of C. aurantium 
known as Granito (see p. 492). Both Webber 
(1943, p. 558) and Tanaka (1954) have expressed 
doubt concerning the validity of this conclusion. 
More recently, Chapot (1963a), the distinguished 
French authority in North Africa, has refuted it 
with convincing evidence. It is his conclusion 
that Clementine is of Oriental origin, probably 
Chinese, and that it is indistinguishable from and 
probably identical to the Canton mandarin de- 
scribed by Trabut (1926), who also remarked on 
the similarities between the two. If this Canton 
mandarin was authentic, these resemblances have 
apparently escaped the notice of Tanaka (1954), 
for he has given the species designation clemen- 
tina to this mandarin. 

The Clementine variety was introduced in- 
to the United States in 1909 and brought to Cali- 
fornia from Florida in 1914 by H. S. Fawcett of 
the Citrus Research Center, Riverside. Evidently 
another independent introduction was made, since 
the 1914-15 catalogue of the Fancher Creek 
Nurseries of Fresno, California, mentions a new 
early mandarin from Algeria which later proved 
to be indistinguishable from Clementine. 

At least two clones of Clementine are 
known to exist in North Africa—the common 
ordinary and the Monreal. While the two are 
indistinguishable with respect to the tree, and 
virtually so for the fruit, the former exhibits self- 
incompatibility, and hence the fruit is seedless 
or nearly so in the absence of cross-pollination. 
Evidently associated therewith is less regularity 
and certainty of production under unfavorable 
conditions of climate or orchard management. The 
Monreal clone, which was found in 1940 in the 
orchard of Vincent Monreal at Perregaux, Oran, 
is self-compatible and without cross-pollination 
the fruit is regularly seedy. The bloom is much 
less abundant and the seeds slightly smaller. In 
this connection, it should be mentioned that seedy 
fruits average somewhat larger than seedless 
fruits and are also slightly sweeter. In Morocco, 
selections from mother trees of outstanding bear- 
ing behavior and low seed content have not 
shown significant differences. In both Morocco 
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and Spain, seedless Monreal clones have been 
reported, but thus far they have not demon- 
strated superiority over the ordinary clone. The 
Spanish clone, Clementino de Nules, is said to 
have originated as a budsport in Nules, Castellon 
Province. 

Chapot (1963b) has recently described a 
small-fruited mandarin which Trabut (1926, p. 4) 
either found or introduced and called the man- 
darinette. It exhibits so many resemblances to 
Clementine, including seed monoembryony and 
early maturity, as to suggest very close relation- 
ship. The principal differences reported relate to 
the odor of the leaf oil, the form of the seeds, 
and the color of the chalazal spot. 

Climatically, the distinctive features of the 
Clementine variety are its low total heat require- 
ment for fruit maturity and the sensitivity of the 
seedless fruit to unfavorable conditions during 
the flowering and fruit-setting period. In regions 
of high total heat, the Clementine matures very 
early—only slightly later than the satsuma man- 
darins. Such regions also favor production of fruit 





Fig. 4—41. Clementine, the most important early-ripen- 
ing mandarin of the Mediterranean Basin. Seedy when 
cross-pollinated. (Photo by H. Chapot. ) 
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of maximum size and best eating quality. As a 
consequence, Clementine is without doubt the 
best early variety in the Mediterranean basin, 
particularly in North Africa, and is highly prom- 
ising in other regions of similar climate. 

With reference to sensitivity of seedless 
fruits, however, the almost universal experience 
has been one of uncertain and irregular bearing 
behavior because of excessive shedding of young 
fruits during the fruit-setting period and a few 
weeks thereafter. Moreover, it has been noted 
that shedding is inversely correlated with the 
seed content of the fruit. Thus, it is well estab- 
lished that under conditions where the ordinary 
Clementine is notably capricious in bearing be- 
havior the seedy Monreal is regularly productive. 
Recently, it has been shown that the bearing be- 
havior of the ordinary clone can be regularized 
by cross-pollination. In descending order of effec- 
tiveness as pollinators in Morocco, Chapot (1963a, 
p. 14) lists sour or bitter orange, the Mediterra- 
nean, Dancy, and Wilking mandarins, the lemon, 
and the sweet oranges, including Valencia. Soost 
(1963) recommends the use of Dancy and Wilk- 
ing in the Coachella Valley of California. There 
can scarcely be doubt, therefore, that the safest 
procedure is to provide suitable cross-pollinators 
or grow the Monreal clone, the fruits of which 
are commonly excessively seedy and hence less 
marketable. 

It should be pointed out, however, that 
the warm, equable, coastal regions of western 
Morocco enjoy climatic conditions that are nor- 
mally favorable for fruit setting and permit the 
kaa aey of good crops of virtually seedless 
ruit. Because of the high total heat, the fruit is 
exceptionally early in maturity and commands a 
premium in the export markets. Moreover, even 
under conditions less favorable for fruit setting, 
it has been shown that regularity of bearing and 
increased production result from adequate nitro- 
genous fertilization and efficiency in irrigation. 
Finally, it has been demonstrated that bearing 
can often be regularized and increased by means 
of a combination of girdling or ringing and light 
pruning—a tree management practice distinc- 
tive to the culture of this mandarin. The pro- 
cedure recommended consists of biennual double- 
girdling—at full bloom and the end of bloom, 
respectively—alternated with a light pruning to 
stimulate the development of new shoot growth. 

Application of these cultural practices has 
made it practicable for Moroccan growers to es- 
tablish three export categories for this variety 
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—seedless Clementines, Clementines (maximum 
of 10 seeds), and Monreal (more than 10 seeds). 

While accurate statistics are not available, 
there is reason to believe that the annual pro- 
duction of the Clementine in 1965 was in the 
neighborhood of 3.5 million 70-lb box equiva- 
lents. Moreover, production seems likely to 
increase. Morocco, where the Clementine is vir- 
tually the only mandarin grown, is the largest 
producer, followed by Algeria, Tunisia, and 
Spain. In California and Arizona, plantings in 
1964 were reported to be 1,403 acres. No proc- 
essing of the fruit has been reported to date. 

Because this variety is monoembryonic it 
is especially suitable as the seed parent for breed- 
ing purposes. Clementine is the seed parent for 
a number of promising new mandarin-tangelo 
hybrids—Fairchild, Lee, Nova, Osceola, Page, 
and Robinson (see pp. 517-21)—recently released 
by the U.S. Department of Agriculture. Clemen- 
tine is also one of the parents of the Clement tan- 
gelo and the new Fortune and Fremont man- 
darins (see p. 515). 


Clementino de Nules 
See under Clementine above. 


Cravo (Laranja Cravo) 


Fruit medium to medium-large, slightly oblate or 
broadly obovate to subglobose, with moderately rough, 
rather loosely adherent rind of medium thickness and deep 
orange color. Segments about 10, loosely adherent; axis 
large and hollow. Flesh color deep orange; tender and 
melting; very juicy; flavor mild. Seeds few to medium 
in number and cotyledons light green. Very early matur- 





Fig. 4-42. Dancy tangerine, a Florida variety of major 
importance. (Photo by W. P. Bitters. ) 
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itv (in advance of Clementine). Retains quality ee 
tionally well when stored on tree and puffs very little. 

Tree vigorous and large, upright in growth habit, 
but spreading under weight of crop; typical broad] 
lanceolate mandarin leaves. Considerable tendency to all 
ternate bearing with heavy crop of smaller fruit followed 
by smaller crop of larger fruit. 

The Cravo is grown principally in Sao 
Paulo State of Brazil, where currently it con- 
stitutes about 10 per cent of the acreage. The 
origin and history of this interesting variety are 
not known. While it may be of local origin, the 
possibility exists that it was introduced from 
Portugal, since the descriptions of Cravo and 
Carvalhais correspond fairly well. 


Cravo Tardia 
See under Ponkan (p. 520). 


Dancy (Dancy Tangerine) (fig. 4-42) 


Fruit medium in size, oblate to broadly obovoid 
or pyriform (from development of neck); base generally 
slightly but sometimes markedly necked; apex broadly 
depressed. Rind thin, leathery, and tough; loose and 
easily removed, but not puffy until well past maturity; 
surface smooth and glossy, becoming bumpy with age; 
color deep orange-red to. scarlet at: maturity. Segments 
about 12, easily separable; axis large and hollow. Flesh 
deep orange-colored; tender and melting; moderatel 
juicy; flavor rich and sprightly (acidity moderately high). 
Seeds few to medium, small, highly polyembryonic, and 
cotyledons light green. Midseason in maturity. Loses 
quality rapidly and rind puffs badly if held on tree much 
after maturity, but stores moderately well. 

Tree vigorous and large (for the mandarins), up- 
rivht-spreading in habit; nearly thornless; foliage mod- 
erately dense and of the mandarin type, but venation not 
so pronounced as in satsuma. Productive but with some 
alternate-bearing tendency. Tree moderately cold-resist- 
ant but not the truit. 

Tanaka (1954) has placed Dancy in his 
species tangerina, which he suggests originated 
in India and was early taken to southern China, 
where it is still extensively grown. He considers 
it to be similar to if not identical with the 
Obenimikan of Japan, which was introduced 
from China several centuries ago. He believes 
that it is closely related to the Ladu and Keonla 
mandarins of India, a view with which the writer 
is in accord. 

The history of Dancy’s introduction into 
the United States (Florida), where it is currently 
the most important mandarin variety, is some- 
what obscure. According to Ziegler and Wolfe 
(1961) the original tree was a seedling in the 
grove of G. L. Dancy at Orange Mills, Florida, 
which was planted in 1567. The parent tree was 
known as the Moragne “tangicrine” and was said 
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to have been introduced from Tangiers (Morocco) 
and planted at Palatka by a Major Atway, whose 
place was acquired by N. H. Moragne in 1843. 
The first mention of the Dancy variety is in the 
1877 report of the Pomological Committee of 
the Florida Fruit Growers Association, in which 
it was said to be similar but slightly superior 
to the Moragne tangerine. Although introduced to 
the industry as early as 1872, its commercial 
propagation was begun about 1890 by the Rol- 
leston Nursery at San Mateo. Within a few years, 
Dancy became the leading mandarin variety, a 
position it has maintained ever since. 

The high total heat and humidity of the 
Florida climate combine to provide an adaptation 
for this attractive and popular fruit that is un- 
equalled elsewhere in the United States and is 
approached only in limited areas in other parts 
of the world. This serves to explain why its com- 
mercial importance is restricted primarily to 
Florida. Except for the hottest interior districts, 
where sunbum of exposed fruits is a hazard, 
fruit size is disappointingly small. In arid or 
cooler climates and on most rootstocks, the flavor 
is too acid for the average palate. Thus, in Cali- 
fornia and Arizona, fruit of acceptable size and 
quality is produced only in the low-elevation, 
desert regions. 

The importance of the Dancy variety is 
reflected by the fact that on several occasions 
in recent years the Florida crop has approximated 
5.5 million 70-lb box equivalents. Dancy produc- 
tion in California and Arizona in 1965 was about 
250,000 boxes. Although long since introduced 
into other parts of the citricultural world, for the 
reasons set forth above, this variety has failed to 
compete successfully with other, better adapted 
varieties. 

In recent years approximately 70 per cent 
of the Florida Dancy crop has been shipped fresh, 
the balance being processed for the juice—both 
single-strength canned and frozen concentrate. 

Of special interest is the fact that this 
variety has contributed to the parentage of the 
principal tangelos (Minneola, Orlando, Sampson, 
and Seminole), the Frua and Fortune mandarins, 
and the Dweet and Mency tangors. 

Frost Dancy, a nucellar selection that orig- 
inated in 1916 from a cross made by H. B. Frost 
at the Citrus Research Center, Riverside, Cali- 
fornia, is currently the clone most propagated in 
the southwestern United States. It was intro- 
duced commercially in 1952. The Trimble and 
Weshart, which came from a Dancy tangerine- 
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Fig. 4—43. Ellendale mandarin (Hearne selection ), cur- 
rently the principal late-ripening variety of Australia. 
Seedy when cross-pollinated. (Photo by E. C. Levitt. ) 


Parson Brown orange cross in the early breeding 
work of Webber and Swingle (1905), are now 
regarded as nucellar seedlings of Dancy rather 
than new varieties. Neither seedling achieved 
commercial importance. 


Ellendale (Ellendale Beauty) (fig. 4-43) 


Fruit medium large to large, oblate to subglobose; 
base rounded or short-necked; apex flat or slightly de- 
pressed; small navel frequent. Rind medium-thin, smooth 
to faintly pebbled; relatively adherent though peelable at 
maturity; color orange-red. Segments 10 to 12, readily 
separable; axis solid to semi-hollow. Flesh bright orange- 
colored; very juicy; flavor rich and pleasantly subacid. 
Moderately seedy with white cotyledons, and ieoney 
monoembryonic. Late midseason in maturity. Loses qual- 
ity See if left on tree much past maturity, especially 
on rough lemon rootstock, but stores well. 

Tree of medium vigor, spreading, round-topped, 
thornless, and productive. Cold-resistant but subject to 
breakage because of weak crotches. 


This Australian variety is reported (Bow- 
man, 1956) to have originated about 1878 as a 
seedling on the Ellendale property of E. A. Bur- 
gess at Burrum, Queensland, but did not come 
into prominence until much more recently. Both 
Bowman (1956) and R. J. Benton, former govern- 
ment citrus specialist in New South Wales, con- 
sider it to be a natural tangor and the latter has 
called attention to similarities with the Temple 
variety as he saw it in Florida. It is sometimes 
incorrectly called Fagan or Grant. 

In Queensland, Australia, where it is the 
principal variety, Ellendale attains maximum fruit 
size and excellent quality. It is widely grown in 
New South Wales, however, and normally com- 
mands premium prices because of its large size, 
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attractive color, and good keeping quality. It is 
the latest maturing of the varieties currently 
grown commercially in Australia. 

A selection named Hearne is said to pro- 
duce fruit of somewhat larger size and less 
tightly adherent rind. 


Emperor (Emperor of Canton) 


Fruit large, oblate; base usually with short fur- 
rowed neck; apex flattened or slightly depressed. Rind 
medium-thin, firm but fairly loosely adherent; surface 
moderately smooth; color yellowish-orange to pale orange. 
Segments 9 to 10, readily separable; axis hollow. Flesh 
color light orange; tender and juicy; flavor pleasant. Seeds 
moderately numerous, long-pointed, and polyembryonic. 
Early midseason in maturity. Loses quality rapidly if 
stored on tree much past maturity. 

Tree moderately vigorous, medium-sized, upright, 
broad-spreading, virtually thornless, and productive. 


This very old variety in Australia is thought 
to have originated there as a seedling from fruit 
imported from the Orient. R. J. Benton, former 
government citrus specialist in New South Wales, 
has stated that Emperor is very similar to if not 
identical with Oneco of Florida and Ponkan of 
China. Of interest is the fact that this variety is 
still grown in seedling orchards in the Paterson 
River district of coastal New South Wales, where 
the trees markedly resemble those in the seedling 
districts of Coorg and Assam in India. Accordin 
to Bowman (1956), Emperor is probably the lead- 
ing mandarin variety in Australia. It is also grown 
to a limited extent in South Africa and northwest 
India. 

Late Emperor is said to have originated 
as a limb sport of Emperor and the South African 
Empress variety is reported to be a chance seed- 
ling of Emperor. 


Encore 


Fruit medium in size, strongly oblate in form; 
rind thin and moderately adherent but easily peelable; 
surface texture smooth; color yellowish-orange. Core hol- 
low and segments about 11. Flesh color : orange; 
firm in texture, but tender and juicy; flavor rich. Seeds 
numerous, monoembryonic, and sotyledans usually white. 
Very late in maturity (fully as late as King) and holds 
especially well without loss of quality or much puffing of 
the rind. 

Tree moderately vigorous, upright-growing, and 
virtually thornless; many slender branches; density of foli- 
age intermediate between the parents. Leaves resembling 
King, but with narrower blades and petiole wings. Some- 
what alternate bearing but productive. 


This promising, nee ap variety origi- 
nated from a cross of King and Willowleaf (Medi- 
terranean) made by H. B. Frost at the University 
of California Citrus Research Center, Riverside. 
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Encore was selected and introduced in 1965 by 
Frost's colleagues, J. W. Cameron and R. K. 
Soost (Cameron, Soost, and Frost, 1965). 


Fagan 

See under Ellendale (p. 514). 
Fairchild 

Fruit medium in size and moderately oblate in 
form; rind medium-thin, moderately adherent but easily 
peelable; surface texture smooth; color deep orange. 
Flesh orange-colored; firm but tender and juicy; flavor 
rich and sweet. Seeds numerous, small, and polyembry- 
onic. Early in maturity (about like Clementine but colors 
earlier). 


Tree vigorous, broad-spreading with dense foli- 
age, nearly thornless, and productive. 


This exceptionally early, high quality, new 
variety, which was released in 1964, originated 
from a cross of Clementine mandarin < Orlando 
tangelo made by J. R. Furr of the U.S. Depart- 
ment of Agriculture at the U.S. Date and Citrus 
Station, Indio, California (Furr, 1964). Fairchild 
is recommended for the desert areas of Cali- 
fornia and Arizona, where it is believed it may 
prove superior to Clementine. Provision for cross- 
pollination is suggested until the facts in that 
connection have been determined. 


Fewtrell (Fewtrell’s Early) 


Fruit medium-small to medium, subglobose to 
broadly obovate; base usually rounded; apex flattened. 
Rind medium in thickness; moderately adherent but 
easily peelable at maturity; texture and surface more 
orange-like than mandarin; color orange to reddish- 
orange at maturity. Segments numerous (11-14); axis 
semi-hollow. Flesh orange-colored; moderately juicy; 
flavor mild and not distinctive. Seeds numerous. Early in 
maturity (about like Imperial). 

Tree of medium vigor, spreading and round-top- 
ped, dense, symmetrical, and productive. Strong tendency 
to alternate bearing with snail fruit in “on-crop’ seasons. 


Fewtrell is an old variety in New South 
Wales. Its history and origin are unknown. The 
characteristics of the fruit indicate that it may 
be a natural tangor and those of the tree sug- 
gest the possibility that Mediterranean or Willow- 
leaf might have been the mandarin parent. 

This variety has been abandoned in the 
high rainfall districts of New South Wales. It is 
reported as continuing to be popular in the in- 
terior Murray River districts of that state and 
the states of Victoria and South Australia, where 
it is said to alternate less strongly and early 
maturity coupled with ease of picking and pack- 
ing have special importance. 
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Fortune 


Fruit medium to medium-large, moderately ob- 
late; rind medium-thin, fairly tightly adherent but peel- 
able; surface texture somewhat pebbled; color reddish- 
orange. Flesh orange-colored; firm but tender and juicy; 
flavor rich and sprightly (subacid). Seeds numerous, of 
medium size, and monoembryonic. Late in maturity and 
fruit holds well on tree with little loss in quality. 


Tree vigorous and spreading; dense canopy pro- 
tects fruit against sunburn and cold; productive. 


This exceptionally late, high quality, at- 
tractive new variety originated from a Clemen- 
tine X Dancy cross made by J. R. Furr (1964) of 
the U.S. Department of Agriculture at the U.S. 
Date and Citrus Station, Indio, California. For- 
tune was released in 1964 and is recommended 
for the desert regions of California and Arizona. 
Provision for cross-pollination is suggested until 
the facts in that connection are known. 


Fremont 


Fruit medium in size, oblate in form; rind me- 
dium-thick and of moderate adherence (easily peelable); 
surface smooth; color bright reddish-orange. Flesh color 
deep orange; tender and juicy; flavor rich and sprightly. 
Seeds moderately numerous, small to medium, and about 
half of them monoembryonic. Early ripening (between 
Clementine and Dancy), but fruit retains quality excep- 
tionally well past maturity. 


Tree moderately vigorous, upright-growing, near- 
ly thornless, precocious, and productive, but does not 
shade fruit sufficiently well to prevent some sunburn. 


Fremont is an attractive, high quality, 
early-ripening variety that originated from a 
Clementine  Ponkan cross made by P. C. Reece 
of the U.S. Department of Agriculture at the U.S. 
Horticultural Field Station, Orlando, Florida. It 
was first fruited at Brawley, California, selected by 
J. R. Furr (1964) of the U.S. Date and Citrus 
Station, Indio, California, and released in 1964. 
Fremont is recommended for the desert areas of 
California and Arizona. 


Frost Dancy 
See under Dancy (p. 513). 


Glen 
See under Beauty (p. 509). 


Grant 
See under Ellendale (p. 514). 


Hearne 
See under Ellendale (p. 514). 
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Imperial (Early Imperial) 

Fruit medium-small to medium, oblate to broad] 
obovate; short basal neck or low collar; apex de raised. 
Rind very thin, leathery, smooth, and glossy, with slight 
adherence but no puffing until mature; color yellowish to 
pale orange at maturity. Segments 9 to 11, easily separ- 
able; axis medium and hollow. Flavor pleasantly subacid 
with attractive aroma. Comparatively few seeds. yey 
early in maturity (about like Wase satsuma). Loses qual- 
ity if left on tree after maturity. 

Tree vigorous, medium in size, upright, virtually 
thornless; leaves long, slender, and taper-pointed. Some 
tendency to alternate bearing. 


Imperial originated about 1890 at Emu 
Plains, some thirty miles west of Sydney, New 
South Wales, and is believed to be a chance hy- 
brid of Mediterranean or Willowleaf, to which it 
bears considerable resemblance, and some other 
mandarin—possibly Emperor. Because of its early 
maturity, attractive appearance, and pleasant fla- 
vor, it commands a premium in the markets. 


Kara 


Fruit medium-large, moderately to slightly oblate; 
base commonly slightly necked and furrowed;; apex flat- 
tened or depressed with visible areolar area. Rind me- 





Fig. 4-44. Kinnow, a hybrid mandarin variety of Cali- 
fornia origin. (Photo by J. W. Cameron. ) 
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dium-thick, soft in texture, moderately adherent but peels 
fairly well; surface slightly rough ad bumpy; color deep 
orange at maturity. Segments 10 to 12, separable without 
difficulty; axis medium and semi-hollow. Flesh color deep 
orange; tender and juicy; flavor rich, sprightly, and dis- 
tinctive (tart until very mature). Seeds lyembryonic, 
numerous, and cotyledons pale Sein iehsyallaiy, Very late 
in season of maturity (slightly ahead of King). Retains 
quality if left on tree but puffs somewhat. 

Tree moderately vigorous, spreading and round- 
topped; similar to satsuma but larger and more vigorous; 
thornless, with rather stout, spreading and drooping 
branches; leaves dark green A satsuma-like. Hardy to 
cold and productive. Slight tendency to alternate bearing. 


This very late ripening and richly flavored 
variety is an Owari satsuma-King mandarin hy- 
brid created in 1915 by H. B. Frost (1935) of the 
University of California Citrus Research Center, 
Riverside, and named and introduced in 1935. 
Though outstanding in flavor, Kara has not 
achieved commercial importance, presumably be- 
cause of the competition provided by oranges at 
its season of maturity and its seediness. 


Kinnow (fig. 4—44) 


Fruit medium in size, moderately to slightly ob- 
late; both base and apex flattened or slightly depressed. 
Rind thin, rather adherent for a mandarin but peelable, 
tough and leathery; surface very smooth and glossy, some- 
times faintly pitted; color vyallowish-crange at maturity. 
Segments 9 to 10, firm, separating fairly easily; axis solid 
to semi-hollow. Flesh color deep yellowish-orange; very 
juicy; flavor rich, aromatic, and distinctive. Seeds numer- 
ous, polyembryonic, and cotyledons pale greenish-yellow. 
Midseason in maturity (about like Dancy). Fruit holds 
well on tree with little puffing. 

Tree vigorous and large, tall and columnar, with 
numerous long, slender, ascending, and virtually thorn- 
less branchlets; dense foliage consists of medium-large, 
broadly lanceolate leaves. Rather strong tendency to al- 
ternate bearing with large crop of smaller fruits followed 
by very small crop of larger fruits. Cold-resistant. 


This high-quality variety is a sister to 
Wilking, both resulting from a King-Willowleaf 
(Mediterranean) mandarin cross made in 1915 
by H. B. Frost (1935) of the University of Cali- 
fornia Citrus Research Center, Riverside, Califor- 
nia, and named and released in 1935. Kinnow has 
been distributed widely and is currently grown 
commercially to some extent in California, Ari- 
zona, West Pakistan, and India (Punjab). The 
total plantings in California (mainly the Coachella 
Valley) and Arizona in 1964 were estimated at 
900 acres. 


Kosho Tankan 
See under Tankan (p. 521). 
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Laranja Cravo 
See under Cravo (p. 512). 


Lee 


Fruit medium in size, slightly oblate to subglo- 
bose; basal area slightly raised and furrowed; apex evenl 
rounded or slightly flattened. Rind thin, leathery, sande 
erately adherent but readily peelable; surface smooth and 
glossy; color deep yellowish-orange at maturity. Seg- 
ments 9 to 10, readily separable; axis large and hollow. 
Flesh color orange; tender and melting; juice abundant; 
favor rich and sweet. Seeds numerous and cotyledons 
light green. Medium-early in maturity. 

Tree not distinctive, nearly thornless; dense foli- 
age comprised of medium-sized, lanceolate leaves. 


This new early hybrid variety is one of 
three (Lee, Osceola, Robinson) resulting from a 
cross of Clementine mandarin < Orlando tangelo 
made by Gardner and Bellows of the U.S. De- 
partment of Agriculture in Florida in 1942 and 
released in 1959 (Reece and Gardner, 1959). Lee 
is currently under commercial trial in Florida. 
Since the parent varieties respond to cross-polli- 
nation, it seems likely that the daughter varieties 
will respond similarly. 


Monreal 
See under Clementine (p. 511). 


Murcott (Murcott Honey, Smith) (fig. 445) 


Fruit medium in size, firm, oblate to subglobose; 
shallowly ribbed to conform with segments; both base 
and apex flattened or slightly depressed. Rind thin, rather 
tightly adherent and not readily peelable; surface smooth 
to slightly pebbled; color yellowish-orange at maturity. 
Segments 11 to 12, moderately adherent; axis medium- 
large and semi-hollow. Flesh orange-colored; tender, very 
juicy; flavor very rich and sprightly. Seeds small, few to 
numerous, and cotyledons white. Medium-late in matur- 
ity Holds only moderately well on tree with some gran- 
ulation but does not puff. Ships exceptionally well. 

Tree medium in vigor and size, upright-growin 
with long, willowy branches; leaves medium-small, 
lanceolate, and sharp-pointed. Fruit mainly borne termin- 
ally and hence exposed to wind, frost, and sunburn in- 
jury. Productive but with tendency to alternate bearing 
and one of the most sensitive mandarins to cold. 


To avoid confusion with the hybrid Honey 
mandarin variety of California origin, the name 
Honey should not be used for this variety even 
as an appendage. Likewise, the name Smith 
should be dropped since Murcott clearly has 
priority. 

The origin of Murcott is unknown and 
its history obscure. The oldest known budded 
tree, from which the present commercial acreage 
largely if not entirely traces, still remains on the 
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place formerly owned by a nurseryman, Charles 
Murcott Smith, in Bayview, Clearwater, Florida, 
and is thought to have been budded about 1922 
(Ziegler and Wolfe, 1961). It is believed that the 
budwood was obtained from a neighbor, R. D. 
Hoyt of Safety Harbor, who was a cooperator 
in the citrus breeding program of the U.S. De- 
partment of Agriculture, which maintained a 
nursery of citrus hybrids at Little River, Miami, 
until about 1916. Evidently the parent tree was 
one of the hybrids which Mr. Hoyt received from 
the Department of Agriculture nursery at Miami 
sometime prior to 1916. Unfortunately, records 
are not available concerning this transaction or 
the labels for the trees provided. Under the name 
Honey Murcott, small-scale commercial propa- 
gation was undertaken by the Indian Rocks Nurs- 
ery in 1928. The first commercial planting, which 
brought this variety to prominence and is largely 
responsible for its present popularity, seems to 
have been that of J. Ward Smith (no relation 
to C. Murcott Smith), near Brooksville in 1944, 
who first marketed the fruit under the name 
Smith tangerine, apparently unaware that it had 
already been named. 

It is the consensus of Florida horticultur- 
ists that this variety is a tangor of unknown origin 
resulting from the breeding program of the U.S. 
Department of Agriculture. 





Fig. 4—45. Murcott, a Florida mandarin variety currently 
of increasing importance. ( Photo by P. C. Reece. ) 
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During the past decade, Murcott has been 
planted rather extensively in Florida. The 1961 
plantings, mostly nonbearing, were reported at 
5,400 acres and the 1961-62 crop at approxi- 
mately 175,000 boxes (70-lb equivalents). Be- 
cause of its rich flavor and deep orange-colored 
flesh and juice, Murcott is a favorite with gift 
fruit packers. 


Nagpur 
See under Ponkan (p. 520). 


Nova 


Fruit much like Orlando in size and form, me- 
dium-large, oblate to subglobose and without neck; base 
slightly rounded; apex nearly flat. Rind thin, Set 
moderately adherent but cant) peelable; surface slightly 
pebbled; color deep yellowish-orange at maturity (deeper 
than Orlando). Segments about 11, easily separable; cen- 
tral axis medium in size and open. Flesh color deep 
orange; juicy; flavor pleasant. Seeds numerous in mixed 
plantings, polyembryonic, and with light green cotyle- 
dons. Colors and matures very early (considerably ahead 
of Orlando). 


This very early ripening variety is a sis- 
ter to the Lee, Osceola, and Robinson mandarins, 
all four resulting from a Clementine mandarin- 
Orlando tangelo cross made in 1942 by Gardner 
and Bellows of the U.S. Department of Agricul- 
ture at Orlando, Florida, and described and re- 
leased in 1964 (Reece, Hearn, and Gardner, 1964). 
Since its parents are strongly self-incompatible 
and more fruitful if cross-pollinated, it seems 
likely that Nova will exhibit the same charac- 
teristics. 


Oneco 
See under Ponkan (p. 520). 


Ortanique (fig. 446) 


Fruit large (very large for mandarin), very broadly 
obovoid to slightly oblate to almost subglobose; base 
evenly Oe or tapering to low, shallowly furrowed 
neck or collar; apex flattened or with shallow depression 
and sometimes with small protruding navel; areole evident 
though not prominent. Rind thin, leathery, rather tightl 
adherent but peelable; surface smooth but finely pitted, 
glossy; color bright yellowish-orange at maturity. Seg- 
ments 10 to 12; axis solid to semi-open. Flesh orange- 
colored; juicy; flavor rich and distinctive. Seeds average 
about 10, plump, with white cotyledons, and polyembry- 
onic. Late midseason in maturity and holds wall on tree. 

Tree moderately vigorous, medium-large, spread- 
ing and drooping, almost thornless, with slender branch- 
lets; dense foliage consists of medium-sized leaves with 
narrowly winged petioles. 


The origin of this attractive and promising 
variety is unknown, but Ortanique is reported 
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Fig. 4-46. Ortanique, a large-fruited mandarin of Ja- 
maican origin that is rapidly increasing in importance. 
(Photo by H. Chapot. ) 


(Anonymous, 1963) to be an old chance seedling 
that came to the attention of C. P. Jackson of 
Chellaston, Mandeville, Jamaica, in 1920. He is 
said to have grown 130 seedlings from it, of which 
about 40 per cent resembled the parent fruits, 
and to have selected those which he considered 
best. 

Because of the presence of wild orange 
and so-called tangerine trees in the vicinity of 
the original tree and the distinctive features 
of the fruit, it was considered to be a natural 
tangor and was given the name Ortanique by 
H. H. Cousins, a former Director of Agriculture. 
The name was a synthesis coined from or(ange), 
tan(gerine), and (un)ique. The present clone prob- 
ably represents a nucellar seedling of the parent 
tree. It is worth noting that two other high qual- 
ity, mandarin-like varieties—Temple and Ugli— 
are believed to have originated as wild chance 
seedlings in Jamaica. 

Although Ortanique early gained popu- 
larity in the local markets, it was not planted 
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much until comparatively recently when small 
shipments to Canada and Great Britain received 
favorable market reactions and brought high 
prices. Acreage was said to be approximately 
2,000 in 1964 when about 1,200 acres were six 
years old or less. The Jamaica Citrus Growers’ As- 
sociation reported that its handlings increased 
from 22,246 field boxes in 1960-61 to 73,616 boxes 
in 1962-63 and were expected to reach 250,000 
boxes by 1967. 


Osceola 


Fruit medium in size, medium-oblate in form; 
base flattened and sometimes slightly corrugated; apex 
flattened or slightly depressed. Rind thin, leathery, mod- 
erately adherent but easily peelable; surface smooth and 
glossy; color deep orange to almost coral-red at maturity. 
Segments 10 to 11, easily separable; axis large and hollow. 
Flesh color deep orange ; juicy; flavor rich and distinctive. 
Seeds numerous and cotyledons very pale green. Medium- 
early in maturity. 

Tree not distinctive, virtually thornless, more up- 
right than Clementine; dense foliage composed of me- 
dium-sized lanceolate leaves. 


This exceptionally high-colored, early vari- 
ety is a sister to Lee and Robinson, all three 
resulting from a Clementine mandarin-Orlando 
tangelo cross made by Gardner and Bellows of 
the U.S. Department of Agriculture in Florida 
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in 1942 and released in 1959 (Reece and Gardner, 
1959). Osceola is currently under commercial trial 
in Florida. It seems likely that it will respond to 
cross-pollination since both parent varieties are 
strongly self-incompatible and more fruitful when 
seedy. 
Page 

Fruit of medium size, broadly oblate to subglo- 
bose; apex evenly rounded. Rind medium-thin, leathery, 
moderately adherent but easily pees surface smooth 
to moderately pebbled; color reddish-orange at maturity. 
Segments about 10 and central axis solid to slightly open. 
Flesh color deep orange; tender and juicy; flavor rich and 
sweet. Seeds moderately numerous and cotyledons pale 
yellow to almost white. Early in maturity. 

Tree moderately vigorous; branches upright, 
spreading under the weight of fruit, nearly thornless; pro- 
ductive. 


This early ripening, high quality variety, 
the fruit of which has considerable resemblance 
to a sweet orange, originated from a Minneola 
tangelo < Clementine mandarin cross made by 
Gardner and Bellows of the U.S. Department of 
Agriculture in 1942. Page was descri ed and re- 
leased in 1963 by P. C. Reece and F. E. Gardner 
at the U.S. Horticultural Field Station, Orlando, 
Florida. It is recommended for Florida conditions 
and the fruit may be undesirably small in arid 





Fig. 4-47. The ponkan, a famous mandarin of the Orient. (Photo by W. P. Bitters. ) 
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climates. Cross-pollination should be provided 
until the facts in that connection have been 
determined. 

While officially released as an orange, tech- 
nically speaking this variety should probably be 
referred to the tangelo hybrid group, since its 
parentage is three-fourths mandarin and one- 


fourth grapefruit. 
Ponkan (Nagpur, Warnurco) (fig. 4-47) 


Fruit large (for a mandarin), globose to moderate- 
ly oblate; base commonly with strong furrowed but rela- 
tively short neck or low collar; apex usually deeply de- 
pressed and with radiating furrows; sometimes with navel. 
Rind medium-thick, fairly loosely adherent; surface rela- 
tively smooth but pebbled, with prominent, sunken oil 
glands; orange-colored at maturity. Segments about 10, 
easily separable; axis large and hollow. Flesh color orange; 
tender and melting, juicy; flavor mild and pleasant, and 
aromatic. Seeds few, small, plump, and polyembryonic; 
cotyledons light green. Early midseason in maturity. Loses 
quality and rind puffs if not picked when ripe. 

Tree commonly vigorous and distinctive in ap- 
pearance because of pronounced upright growth habit. 
Productive but with strong alternate-bearing tendency. 
Reported to be less cold-resistant than most mandarins. 

This is the famous and highly reputed 
ponkan of South China and Formosa, the Batan- 
gas mandarin of the Philippines, and the Nagpur 
suntara or santra (various other spellings) of 
India. Other names that occur in the literature 
and should best be dropped include Swatow 
orange and Chinese Honey orange. 

Tanaka (1927) is of the opinion that this 
mandarin originated in India and because of its 
excellence spread widely throughout the Orient 
at an early date. This view finds support in the 
fact that for centuries it has been cultivated in 
the form of seedling groves in widely separated 
parts of India—notably in the Coorg district in 
the south and Assam and neighboring Nepal and 
Sikkim in the northeastern portion of that coun- 
try. As previously noted, there is reason for be- 
lieving that this fruit reached Europe as early 
as 1805. The first known introduction into the 
United States, however, is referred to 1892 or 
1893 when an American medical missionary in 
China sent fruits to J. C. Barrington of McMeekin, 
Florida, from which seedlings were grown. One 
of these was later identified as Ponkan (Tanaka, 
1929a). Prior to this identification, however, the 
Wartmann Nursery Company at Ocala had prop- 
agated this fruit on a limited scale under the 
name Warnurco tangerine. More recent introduc- 
tions have been made by the U.S. Department 
of Agriculture. 


Google 
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Because of its highly distinctive character- 
istics and his conclusion that the Batangas man- 
darin was the fruit described by Blanco under 
the species name reticulata, Tanaka (1954) re- 
stricted this species to the Ponkan group, a view 
which in the judgment of the writer has consid- 
erable merit, although it has not been generally 
accepted. Several forms or clones are recognized 
of which that characterized above and known in 
India as Nagpur suntara is clearly superior. 
Almost certainly the highly important seedling 
varieties known variously as Coorg, Assam, Khasi, 
Butwal, and Sikkim in India are nucellar clonal 
budlines of the Nagpur suntara. In this connec- 
tion, it may be of interest to note that the variety 
Oneco, which originated in Florida from seed 
received by P. W. Reasoner in 1888 from north- 
western India, has been identified as a form of 
ponkan (Tanaka, 1929a). Oneco differs, however, 
in that the fruit is rougher and seedier, ripens 
somewhat later, and retains its quality on the 
tree much better, although the rind puffs rather 
badly. Oneco has never achieved commercial im- 
portance and is grown primarily as a home and 
gift-box fruit. Oneco appears to be the Cravo 
Tardia of Brazil. 

The Nagpur suntara is the citrus fruit of 
greatest commercial importance in India. While 
accurate statistics are not available, it is believed 
that the total plantings of this variety and its 
seedling derivatives are in the neighborhood of 
100,000 acres. The modern commercial industry 
based on the use of budded trees centers in the 
Nagpur region of central India, where a small 
but growing processing industry has developed. 
Elsewhere this fruit has importance in Ceylon, 
Indonesia, Malaysia, the Philippines, South China, 
Taiwan, and the southern part of Kyushu Island, 
Japan. It is of limited importance in Brazil and 
very minor importance in Florida. 

Climatically, the ponkan is one of the most 
tropical mandarins. Under tropical conditions the 
fruit attains maximum size and quality and finds 
little competition from other mandarins. In the 
hot arid subtropics, however, it has generally 
proven disappointing and other varieties are 
better adapted and more popular. 

Much the most unusual and distinctive 
cultural practice is that followed in central India, 
where the growers select and accentuate one of 
the three periods of bloom characteristic of the 
mandarin tree there to control the time of matu- 
rity and increase the resultant crop. This is ac- 
complished by what is commonly referred to as 
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the “resting treatment” (Gandhi, 1956, pp. 32-35). 
In reality, it is a combination of treatments that 
place the trees under severe moisture stress from 
which they are released either by irrigation or 
the advent of the summer monsoon rains. The 
practice is similar to that employed by Sicilian 
lemon growers to accentuate the early fall bloom 
and increase the summer or verdelli crop. The 
differences in the characteristics of the fruit from 
the spring and fall blooms are remarkable. 

Another distinctive practice has already 
been mentioned, namely, the exclusive use of 
unbudded seedling trees in the important Coorg 
and Assam regions. The resulting orchards are 
remarkably uniform, and the trees extremely tall 
and slender. 


Robinson 


Fruit medium-large, oblate (more so than Osce- 
ola); base evenly rounded or slightly necked; apex broadly 
depressed. Rind thin, tough and leathery, moderately ad- 
herent but easily peelable; surface smooth and glossy; 
color deep yellowish-orange at maturity. Segments nu- 
merous (12-14), readily separable; axis large and hollow, 
Flesh color deep orange; juicy; flavor rich and sweet. 
Seeds moderately numerous and cotyledons light: green. 

Early in maturity (about the same as Lee and Osceola but 
colors earlier). 


Tree upright-spreading, nearly thornless; dense 
foliage consists of large broadly lanceolate, taper-pointed 
leaves, commonly notched at the tip and crenate-margined 
on the upper half. Appears to be a regular bearer. 


This very early maturing, rather large- 
fruited variety is a sister to Lee and Osceola, all 
three resulting from a Clementine mandarin- 
Orlando tangelo cross made by Gardner and 
Bellows of the U.S. Department of Agriculture 
in Florida in 1942 and released in 1959 (Reece 
and Gardner, 1959). Robinson is currently under 
commercial trial in Florida. Since its parents are 
both self-incompatible and more fruitful if cross- 
pollinated, it seems likely that Robinson will ex- 
hibit the same characteristics. 


Smith 
See under Murcott (p. 517). 


Tankan 


Fruit) medium-large to large, subglobose — to 
broadly pvriform (from development of neck); base 
rounded or with more or Jess prominent and = furrowed 
neck; apex slightly rounded or flattened. Rind medium- 
thick (for mandarin), moderately adherent but readily 
peelable; surface pebbled) and commonly somewhat 
wrinkled; deep orange-colored at) maturitv. Segments 
about 10, readily se parable: axis semi-hollow. Flesh dee p 
orange; fender very juicy; Havor rich and sweet. Seeds 
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few to many. Medium-late in maturity. Retains quality 
When held on the tree and ships and stores well. 

Tree of medium vigor and size, upright, virtually 
thornless; leaves medium-large, broadly lanceolate, and 
taper-pointed, with midribs strongly prominent above 
and petioles margined to narrowly winged. Productive. 


According to Tanaka (1929b), the Tankan 
is a very old variety that originated in south- 
eastern China and early spread to Formosa and 
Japan, where its culture is confined to the hotter 
portions of Kagoshima Prefecture. Tanaka con- 
siders it to be one of the finest citrus fruits of 
the Orient. While the tree characters are almost 
entirely mandarin, the fruit exhibits certain fea- 
tures which suggest the possibility that it is a 
natural tangor. It is classified by Tanaka (1954) 
as C. tankan Hayata. 

Kosho Tankan is a Formosan derivative 
that is characterized by fruit of larger size, supe- 
rior quality, and later maturity. 


Trimble 
See under Dancy (p. 513). 


Warnurco 
See under Ponkan (p. 520). 


Weshart 
See under Dancy (p. 513). 


Wilking 


Fruit small to medium in size, slightly oblate; 
base flattened and somewhat furrowed: apex flattened or 
moderately depressed. Rind medium-thin, somewhat brit- 
tle. somewhat adherent but) readily peclable; surface 
slightly pebbled, glossy; orange-colored at maturity. Seg- 
ments 9 to 12, firm but se parating casilv; axis semi- -hol- 
low. Flesh color deep orange: very juicy; flavor rich, 
sprightly, aromatic, and distinctive. Seeds mode ‘rately nu- 
merous, monoembryonic, and cotyledons greenish- yellow 
to vellow-tinged. Midseason in maturity (about like Kin- 
now). Retains quality and stores well on tree but with 
some pulfing. 

Tree moderately vigorous, medium in size, round- 
topped, nearly thornless: leaves long, broadly lanceolate, 
and taper-pointed. Strong tendency to alternate bearing 
with small fruits in the on-crop seasons and little or no 
fruits in the off-crop years. Cold-resistant. 

A sister to Kinnow, both resulting from a 
cross of King X Willowleaf (Mediterranean) made 
in 1915 by H. B. Frost (1935) of the University 
of California Citrus Research Center, Riverside, 
this richly flavored variety has been widely dis- 
tributed, but with minor exceptions has not 
achieved commercial importance. W ilking is re- 
por ted to have done well commercially, however, 
in the Souss Vallev of Morocco and is considered 
promising in Brazil. 
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Minor Common Mandarin Varieties.—The 
common mandarins. discussed in the subsection 
below are of lesser commercial importance, local 
interest, or still have not proven themselves. 


Burgess (Solid Scarlet) 

This Australian variety produces a late- 
ripening, relatively tight-skinned fruit much like 
Ellendale but somewhat deeper in color. It origi- 
nated in 1908 as a seedling of Ellendale grown 
by E. A. Burgess at Burrum, Queensland. Burgess 
is not related to Scarlet and is declining in 
importance. 


Capurro 


Fruit medium-large, strongly oblate; orange-col- 
ored; seedy. Relatively loose rind of medium thickness. 
Numerous slightly adherent segments. Abundant juice; 
flavor rich and somewhat tart. Cotyledons green. Early 
maturity. 


Fig. 4—48. Carvalhais, an early-ripening Portuguese va- 
riety. (Photo by H. Chapot. ) 
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Tree vigorous and large with numerous fine, 
nearly thornless branchlets; moderately dense foliage 
composed of long, lanceolate, taper-pointed leaves. 


This Argentinian variety is reported to 
have originated fairly recently as a chance seed- 
ling in the Capurro orchard in Colonia Yerua, 
near Concordia, Entre Rios Province. Capurro 
is of minor but growing importance in Argentina. 


Carvalhais (Tangera) (fig. 448) 


Fruit medium to medium-large, oblate to almost 
globose; basal area somewhat furrowed and ica 
short necked; apex rather deeply depressed, usually wi 
prominent areolar area and ring. Rind medium-thick, 
tough, rather strongly adherent; orange when fully 
colored. Flesh juicy and pleasantly subacid early in sea- 
son, but loses quality thereafter. Seeds numerous and 
highly polyembryonic. Maturity very early (fully as early 
as Clementine), occurring much in advance of rind color 
development. Fruit holds well on tree with little puffing. 

Tree vigorous, upright in habit; leaves distinctive, 
long, and sharp-pointed, somewhat resembling the Clem- 
entine. 

Carvalhais is of unknown but almost cer- 
tainly local Portuguese origin. It is thought to 
be a natural hybrid of which one parent is the 
Mediterranean mandarin, known locally as Setu- 
balense. Carvalhais has commercial importance 
in Portugal and is exported to a small extent 
to nearby countries—particularly Morocco and 
Algeria. 


Empress 


Fruit similar to Emperor but averages smaller, is 
somewhat seedier, and s are said to be more rags 
polyembryonic. Also stores better on the tree, which is 
more vigorous and upright in growth. 


Empress originated as a chance South 
African seedling, believed to be of Emperor, in 
the Watkinson Nurseries at Nelspruit, eastern 
Transvaal. It was selected by R. H. Marloth of 
the Citrus and Subtropical Fruit Research Insti- 
tute at Nelspruit about 1932. Although the fruit 
is popular in the local markets, this variety is of 
primary interest in South Africa as a rootstock. 


Frua 


Fruit medium-sized, slightly necked, somewhat 
eee Reddish-orange with few seeds and mild, sweet 
avor. Rind puffs rather badly. Early midseason in ma- 
turity (earlier than Dancy, which it somewhat resembles). 
Tree lacks vigor. 


Frua is a hybrid of the King mandarin 
with the Dancy tangerine developed from a cross 
made by H. B. Frost of the University of Cali- 


fornia Citrus Research Center, Riverside. It was 
selected in 1925 and released in 1950. 
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Hansen 


Hansen is a late variety that follows Ellen- 
dale, which is currently under trial in South 
Australia. It may be a tangor. 


Hickson 


This midseason Australian variety origi- 
nated in Queensland, where it is currently under 
trial. Hickson may be a tangor. 


Honey 

Fruit small-sized, oblate; rind faintly pebbled; 
seeds numcrous. Light yellowish-orange; flavor rich and 
sweet. Matures early. Tree vigorous and tends strongly to 
alternate bearing. 

Honey is a hybrid of the King mandarin 
with the Willowleaf (Mediterranean) mandarin 
made by H. B. Frost of the University of Cali- 
fornia Citrus Research Center, Riverside. This 
hybrid is a sister of Encore, Kinnow, and Wilk- 
ing. It was described in 1943 but never released 
officially. 


Kaula (Keonla) 


Kaula is a highly colored, strongly oblate, 
short-necked, and apically depressed fruit of me- 
dium size and good flavor. 

Kuala is of Indian origin and local impor- 
tance only. Tanaka has classified this fruit as 
C. crenatifolia Lush. 


Keonla 

See under Kaula above. 
Ladoo 

See under Ladu below. 
Ladu (Ladoo) 

This Indian variety produces an attractive, 
reddish-orange, nearly seedless, slightly necked, 
oblate fruit of medium size and good flavor. The 
tree is vigorous, dense, round-topped, and pro- 
ductive. 

Ladu is of unknown but presumably In- 
dian origin. Gandhi (1956) reports that it has 
commercial importance in Uttar Pradesh and 


parts of the Deccan. Tanaka (1954) classified this 
fruit as C. paratangerina Hort. ex Tan. 


Late Emperor 


This Australian variety is indistinguish- 
able from Emperor, but the fruit matures about 
a month later. It is said to be a limb sport of 
the Emperor variety. 


Malvasio 


Fruit medium in size, oblate to subglobose; neck 
short and furrowed; often with small navel; moderately 
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seedy. Rind orange-colored, thin, relatively adherent but 
peelable; about 10 moderately adherent segments; semi- 
hollow axis. Good juice content and pleasant subacid fla- 
vor. Cotyledons light green. Maturity very late. Holds well 
on tree and stores well. 

Tree vigorous, large, and broad-spreading with 
some strong and distinctive horizontal branches. Leaves 
of medium size, lanceolate with apex blunt and notched. 


This Argentine variety was found in an 
orchard (details not available) near Concordia, 
Entre Rios Province, and is believed to have 
originated as a chance seedling. 


Mandalina 


This Lebanese variety closely resembles 
Dancy and produces an attractive, reddish-orange, 
seedy, loose-skin fruit of midseason maturity and 
mediocre quality. The rind puffs badly. Manda- 
lina is of little importance and apparently an old 
variety of unknown origin. 


Muscio 


This Australian variety produces a very 
late-ripening fruit of good size and quality. It is 
strongly alternate bearing, however. 


Naartje 

Fruit medium to medium-large, firm, and mod- 
erately seedy. Strong rind adherence (though peelable). 
Color orange to orange-red and flavor rich. Midseason 
maturity. Good shipping quality. 

Tree of medium vigor and size, spreading, round- 
topped, and virtually thornless; fairly dense foliage con- 
sisting of large, dark-green leaves. 

Of unknown Oriental origin, Dutch traders 
early introduced a distinctive type of mandarin to 
South Africa, which was given the name naartje, 
presumably by the Boer settlers. 

Until comparatively recently propagation 
was by means of seedlings, which exhibit remark- 
ably little variation, apparently because the seeds 
are highly polyembryonic. 

The principal named clonal varieties cur- 
rently are Natal Tightskin and Redskin, the latter 
being characterized by somewhat deeper rind 
color. It is said to closely resemble the Australian 
variety Beauty. 


Natal Tightskin 


See under N aartje above. 


Parker (Parker Special) 

The fruit of this midseason Australian va- 
riety is large, reddish-orange, and attractive, but 
the flesh is poorly flavored. The tree is of good 
bearing behavior. 
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Pixie 

Fruit small to medium-small, subglobose to round; 
commonly with broad, short neck and collar. Rind me- 
dium-thin, easily separable; grained to pebbled surface 
texture; color yellowish-orange. Flesh medium-orange; 
moderately juicy; flavor pleasant and mild. Virtually seed- 
less (occasionally 1 seed). Holds well on tree with little 
rind-puffing, but some juice loss. Matures late. 

Tree vigorous, erect to somewhat spreading; 
stout, ascending branches and large, King-like leaves. 
Tendency to alternate bearing. Considerable proportion 
of inside fruits not subject to sunburn. 


Pixie is a second generation seedling (hy- 
brid or self) from open pollination of a cross of 
King and Dancy (named Kincy). This variety was 
made in 1927 by H. B. Frost of the University of 
California Citrus Research Center, Riverside, and 
was selected and introduced in 1965 by his col- 
leagues J. W. Cameron and R. K. Soost. Because 
of its seedlessness and lateness of maturity, Pixie 
may have promise, especially as a home orchard 
variety (Cameron, Soost, and Frost, 1965). 


Redskin 

See under Naartje (p. 523). 
Sanguigno (Sanguine in North Africa) 

This Italian variety of unknown origin 
produces an attractive medium-sized, seedy, deep 
reddish-orange fruit of midseason maturity and 
indifferent quality. The fruit puffs badly and 
keeps poorly. Both tree and fruit markedly re- 
semble the Scarlet variety of Australia. 

The name is a misnomer, for this variety 
is not a true blood mandarin. Indeed, the writer 
does not know of any pigmented true mandarins. 


Scarlet 


Scarlet is an old Australian variety no 
longer grown commercially. It produces a 
medium-sized, seedy, reddish-orange fruit of early 
midseason maturity that puffs excessively, and 
keeps poorly. The tree is productive. 


Solid Scarlet 
See under Burgess (p. 522). 


Som-Chuk (Somjook, Necked Orange) 


Fruit large, round to obovate, with prominent 
neck. Rind medium-thick and readily peelable. Easily 
separable segments and open center. Flesh juicy and of 
rich subacid Havor. Tree vigorous, upright, and thorny. 


This highly reputed mandarin, the so- 
called necked orange, is possibly a natural tangor. 
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Som-Chuk is an old variety of unknown oe 
that is grown mainly in the southern peninsular 
area of Thailand, where it is propagated by seed 
only. The descriptions and illustrations available 
(Wahlberg, 1958, and personal communication) 
suggest close resemblance to the Ponkan.'¢ 


Somjook 
See under Som-Chuk above. 


Stemp 


This midseason Australian variety origi- 
nated in Queensland, where it is currently under 
trial. Stemp is much like Hickson and may be 
a tangor. 


Wallent 


Fruit medium-small, reddish-orange, and of at- 
tractive appearance. Rind thin and relatively tight-skinned. 
Distinctive, sprightly flavor. Colors early, but remains too 
acid for many palates until late midseason. Tree strongly 
alternate in bearing behavior. 


Wallent originated as a chance seedling in 
a home garden in Adelaide, South Australia, and 
was introduced by a Mr. Wallent of Wambaral, 
Gosford, New South Wales. It was popular lo- 
cally for some time but has been little planted in 
recent years. 


Small-fruited Mandarins 


Groups IV and V of the Tanaka (1954) clas- 
sification contain a total of sixteen species and are 
characterized by small flowers, fruits, and leaves. 
The leaves are narrow in Group IV and broad in 
Group V. Of these species the writer has seen 
eleven but possesses some degree of competence 
for only three. Some of these Citrus species may 
be subject to question, but those with which 
the writer is acquainted—indica, tachibana, and 
reshni—appear to constitute valid species. Cur- 
rently seven species are of horticultural impor- 
tance or promise: 

1. Citrus amblycarpa Ochse—This is the 
djerook leemo of Java. The tree is highly distinc- 
tive. The fruit is very small, tight-skinned, yellow, 
and very acid, with polyembryonic seeds and 
green cotyledons. The species is experimentally 
promising as a rootstock in California. 

2. Citrus depressa Hayata (formerly C. pec- 
tinifera Tan.)—This species is the shitkuwashd of 
Okinawa and Taiwan and shekwasha or sequasse 
in collections in the United States. The tree is 


16 Letter to the writer from H. E. Wahlberg, dated August 5, 1964. 
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vigorous, round-topped, and finely stemmed. The 
fruit is very small, orange-colored, oblate, and 
highly depressed at both ends, with very thin, 
loose, and aromatic rind. The flesh is soft, gelat- 
inous, and acid, but ultimately attains a rich 
flavor. The seeds are polyembryonic with green 
cotyledons. The tree makes an attractive orna- 
mental. 

3. Citrus kinokuni Hort. ex Tan.—This 
species is the kisht mikan of Japan. The fruit is 
small, somewhat oblate, depressed at both ends, 
orange-colored, and glossy. The thin, compara- 
tively tight rind is easily peelable and fragrantly 
aromatic. The flesh is firm, meaty, and pleasantly 
sweet in flavor. Seeds are few, polyembryonic, 
and have pale green cotyledons. Fruit maturity 
occurs in early midseason. 

The kinokuni is said to be a very old spe- 
cies of Chinese origin and one of the earliest 
introduced into Japan, where it is still popular 
because of its pleasant flavor and rich fragrance. 
Tanaka (1954, p. 136) states that at least four 
varieties are known, the largest of which is Hira- 





Fig. 4—49. Hirakishu, a large-fruited kinokuni mandarin 
variety of Japan. ( Photo by Nishiura. ) 
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kishu (fig. 4-49). Mukakukishu is a completely 
seedless variety. 


4, Citrus lycopersicaeformis Hort. ex Tan. 
—This species is the kokni or kodakithuli of south- 
ern India. The fruit is very small, moderately 
oblate to obconical, deep orange, and has a thin, 
moderately loose rind. The flesh is somewhat 
coarse-grained, dry, and acid but becomes edible 
at full maturity. Seeds are polyembryonic with 
green cotyledons. 

This species is considered to be native to 
India and can be found in markets there. Tanaka 
(1954, p. 140) reports that the heennaran of Cey- 
lon is identical. 


5. Citrus oleocarpa Hort. ex Tan.—This 
species is the timkat of southern China and yuhi- 
kitsu of Japan. The fruit is small, yellowish- 
orange, and somewhat oblate. The base usually 
has a short radially furrowed neck and the apex is 
depressed. The rind is medium-thin, relatively 
tight but readily peelable, and strongly aromatic. 
Flesh color is deeper than that of the rind, the 
texture is crisp, and the flavor is rich but subacid. 
The seeds have light green cotyledons. 

This species is of Chinese origin and is 
said to have importance on the Chinese main- 
land, on Hong Kong Island, and on Taiwan. 


6. Citrus reshni Hort. ex Tan. (fig. 4-50 
This species is the chota or billi kichili of India 
and the Cleopatra mandarin of the United States. 
The tree is attractive, round-topped, symmetrical, 
and thornless, with small, dark-green leaves. The 
fruit is orange-red, small, oblate, and highly de- 
pressed at the apex, with thin, somewhat rough 
rind. The flesh texture is soft and juicy and the 
flavor is somewhat acid. Seeds are small, polyem- 
bryonic, and have green cotyledons. 

Considered to be native to India and said 
to have been introduced into Florida from Jamai- 
ca sometime prior to 1888, C. reshni is increas- 
ingly important as a rootstock in the United States 
and elsewhere. It is an attractive ornamental and 
bears fruit the year round. 


7. Citrus sunki Hort. ex Tan.—The sunki, 
suenkat or sunkat of South China, which is the 
sour mandarin (C. reticulata, var. austera) of 
Swingle’s classification (see chap. 3, p. 381), is a 
medium-small, upright tree with distinctive pale- 
green leaves. The fruit is medium-small, oblate 
and markedly depressed at both ends, and with 
basal furrows. The ring is very thin, loose, and 
light yellowish-orange, with a smooth, shiny sur- 
face and prominent oil glands. The rind is strong 
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Fig. 4—50. Cleopatra, a small-fruited Indian mandarin 
of horticultural interest as a rootstock and ornamental. 
(Photo by C. P. North. ) 


and spicy with a distinctive aroma. The flavor 
is acid, the fruit never becoming edible. Seeds 
are medium-large, plump, polyembryonic, and 
have pale-green cotyledons. 

C. sunki is considered to be native to 
China and is said to be a widely employed root- 
stock in China and Taiwan. 


Fruits Most Resembling the Mandarins 


Tangors.—Hybrids of the mandarin and 
orange have been designated tangors (Swingle, 
Robinson, Savage, 1931). The few that have been 
named to date are mandarin-like in most respects 
and hence fall into this group. 

Varieties commonly referred to as natural 
tangors include the King and Clementine man- 
darins and the so-called Temple orange of Flor- 
ida. Others which exhibit characters that suggest 
the likelihood of hybrid parentage include the 
Campeona, Ellendale, and Ortanique mandarins, 
the so-called Murcott orange, and the tankan. 
In this treatment, however, King is assigned to 
C. nobilis and, with the exception of Temple, the 
others mentioned are provisionally placed in the 
C. reticulata group. It is to be noted, however, 
that two of them—Clementine and tankan—are 
given species standing by Tanaka (1954) as are 
also a number of other oriental forms such as 
Iyomikan which he regards as natural tangors. 

Of the so-called natural tangors, Temple 
is much the most important variety. While it is 
obviously a mandarin hybrid, in the opinion of 
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the writer such characteristics as seed mono- 
embryony and pronounced cold-sensitivity of the 
tree suggest that it may be a natural tangelo of 
which pummelo rather than grapefruit is one 
of the parents. Since the consensus is that it is 
a tangor, however, it is included here. 

In addition to the natural tangors, there 
are several synthetic tangors, which are the re- 
sult of breeding work in California and Florida. 
Only one of these—the Umatilla—has any com- 
mercial importance, the others remaining experi- 
mental. 


Dweet 


Fruit medium-large, reddish-orange, globose to 
oblate-necked, and moderately pebbled. Rind peels poorly 
and tends to puff. Seedy, very juicy, and of rich flavor. 
Matures late. Does not hold well on tree, but good for 
home use. 


The Dweet tangor, currently on trial in 
California, is of Mediterranean Sweet orange and 
Dancy tangerine parentage. This synthetic tangor 
resulted from the breeding experiments of H. B. 
Frost of the University of California Citrus Re- 





Fig. 4-51. Temple, a mandarin-like fruit of Jamaican 
origin which has considerable importance in Florida. 
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search Center, Riverside. It was selected in 1930 
and introduced in 1950. 


Mency 


Fruit medium-small, reddish-orange, slightly ob- 
late and necked, and faintly pebbled. Rind els readily. 
Seedy, early ripening fruit of sprightly, acid flavor. Sensi- 
tive to sunburn and does not hold well on tree, but good 
for home use. 

This synthetic tangor resulted from breed- 
ing work by H. B. Frost of the University of Cali- 
fornia Citrus Research Center, Riverside. It is 
of Dancy tangerine and Mediterranean Sweet 
orange parentage, in which respect it is recipro- 
cal to Dweet. 


Temple (fig. 4-51) [Citrus temple Hort. ex Y. 
Tanaka] 

Fruit medium-large, very broadly obovate to 
slightly subglobose; sometimes with short, wrinkled, or 
furrowed neck; frequently with small, sometimes pro- 
truding navel; seedy. Rind color deep reddish-orange; 
medium-thick; surface somewhat pebbled or rough, and 
moderately adherent, but readily peelable. Segments 10 
to 12 and axis mainly solid. Flesh orange-colored; tender, 
moderately juicy; flavor rich and spicy. Seed monoembry- 
onic. Medium-late in maturity. 

Tree of medium vigor, spreading and bushy, 
somewhat thorny; leaves medium-sized and mandarin- 
like; productive. More cold-sensitive than any of the 
mandarins or oranges. 

Because of its high heat requirement and 
sensitivity to cold and both rootstock and soil in- 
fluences, Temple is decidedly limited in its range 
of commercial adaptation. In this respect, it is 
somewhat similar to the King mandarin. Within 
its range of adaptation, the fruit is of outstand- 
ing attractiveness and quality, but elsewhere it 
is highly disappointing and commercially worth- 
less. Temple is at its best in Florida when propa- 
gated on sour orange or Cleopatra mandarin 
rootstocks and grown on the heavier-textured 
soils. Satisfactory quality in California is attained 
only in the hottest of the interior districts. Else- 
where, Temple is poorly colored and much too 
tart for most palates. 

_ The origin and history of this variety are 
somewhat obscure. According to Ziegler and 
Wolfe (1961) and Harding (1959), it originated 
in Jamaica and came to the attention of a Florida 
fruit buyer about 1896, who ran across a seedling 
tree of outstanding quality. The buyer sent bud- 
wood to several friends at Oviedo, Florida, who 
budded a few trees of this “Jamaica” orange. 
About 1900, Allan Mosely, an orchard caretaker 
in the Winter Park area, is said to have obtained 
budwood from one of the friends, J. H. King. 
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Mosely budded a tree in a young orchard under 
his care which in 1914 came into the ownership 
of L. A. Hakes. The following year Hakes called 
the tree to the attention of a neighbor, W. C. 
Temple, former manager of the Florida Citrus 
Exchange, who in turn reported its unusual 
qualities to his friend and former associate, M. E. 
Gillett, president of Buckeye Nurseries, a leading 
citrus nursery. Exclusive propagation rights were 
obtained in 1916. The variety was named and 
introduced in 1919 and was promoted on a large 
scale. 

Once its limitations and adaptations be- 
came evident, Temple continued to increase in 
popularity to the point where both acreage and 
production now exceed that of the Dancy tan- 
gerine. The 1961 crop was nearly 6 million 70-Ib 
box equivalents. In recent years, Temple has 
been planted to a limited extent in the Coachella 
Valley of California, where total plantings were 
reported to be 796 acres in 1964. 


Umatilla 


Fruit medium-large, reddish-orange, and broadly 
oblate. Moderately seedy with smooth, medium-thick, 
moderately adherent rind and hollow axis. Flesh orange- 
colored; tender, very juicy; flavor rich but acid. Seeds 
monoembryonic and cotyledons green. Medium-late ma- 
turity. 

Tree slow growing, spreading, with considerable 
resemblance to satsuma; productive. 


Umatilla is a hybrid of satsuma mandarin 
and Ruby orange resulting from a cross made in 
Florida in 1911. This synthetic tangor was named 
and described by Swingle, Robinson, and Savage 
(1931). Although described as a tangelo, from 
which it is indistinguishable, its parentage is 
that of a tangor. It has not achieved commercial 
importance except as a specialty fruit in Florida. 

Tangelos.—Webber and Swingle (1905) 
designated hybrids of the mandarin and grape- 
fruit and pummelo as tangelos. The first crosses 
giving rise to tangelos were made by these two 
men in 1897 in Florida. Currently, a dozen or 
more tangelos have been named and described. 

As might be expected, the tangelos con- 
stitute a highly varied group, exhibiting charac- 
ters that are both aan of the parents and 
intermediate between them. In general, however, 
those of greatest commercial interest or promise 
fall into the mandarin-like group. Some of them 
produce highly colored, aromatic, distinctive, and 
richly flavored fruits of good size with thin, 
smooth, and only moderately loose rinds. Others 
exhibit such faults of some of the mandarins as 
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undesirably long necks, punng of the rind, and 
excessive seediness. On the whole, however, the 
tangelos currently comprise much the most im- 
portant and promising of the interspecific hybrids 
in the genus Citrus. Several of them already have 
attained commercial importance and one variety, 
Orlando, achieved production in Florida of more 
than a million boxes in 1965. 

It has recently been shown that for regu- 
lar and satisfactory production some of the 
tangelos require cross-pollination since they are 
weakly parthenocarpic and benefit from the pres- 
ence of seed, which they are unable to produce 
from self-pollination. A few of them, notably 
Sampson, reproduce remarkably true to seed 
since they are highly polyembryonic. 

There are several fruits and varieties of 
unknown origin that resemble some of the tan- 
gelos and are provisionally classified as natural 
tangelos. The natural tangelo currently of great- 
est importance is the Ugli of Jamaica, unless the 
more popular Temple (herein classed as a natu- 
ral tangor) is, in fact, a tangelo. 

Treated elsewhere (pp. 548-552), since 
they more closely resemble the pummelo are such 
fruits as the Hassaku and Natsudaidai of Japan, 
the Attani of India, and the Poorman of Austra- 
lia. In addition, some of the synthetic hybrids 
that bear a greater resemblance to the grapefruit 
than the mandarin-like fruits are also discussed 
in a later section (p. 547). Tangelo varieties of 





Fig. 4-52. Minneola tangelo, a hybrid of Florida origin 
and one of the highest quality tangelos. (Photo by W. P. 
Bitters. ) 
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current importance, promise, or special interest 
are presented below. 
Allspice 

Fruit medium-small, slightly oblate to globose; 
color orange-yellow; seedy. Rind thin, slightly pebbled, 
and rather tightly adherent. Solid axis; flesh tender and 
juicy; rich, tart, spicy flavor and aroma. Midseason in 
maturity and loses quality if left on tree much past ma- 
turity. 

Tree and foliage mandarin-like in appearance. 


Allspice resulted from a cross of the Impe- 
rial grapefruit and Willowleaf mandarin made in 
1917 by H. B. Frost of the University of Califor- 
nia Citrus Research Center, Riverside. Although 
the fruit is small, it is attractive because of its 
rich flavor and spicy fragrance. 


Broward 


Broward is a medium-large, midseason 
fruit of good quality. It is a hybrid of Duncan 
grapefruit and Dancy tangerine that was selected 
in 1912 and released in 1939. It has never achieved 
commercial importance. 


Clement 


Fruit medium-large, subglobose to slightly ob- 
long; color light orange-yellow. Few-seeded (monoembry- 
onic); rind pebbled, somewhat wrinkled, com seatively 
thick, and easily peeled. Flesh color dull yellow; soft, 
somewhat gelatinous; flavor mildly sweet. Medium-early 
in maturity. 

Tree productive. 


Clement is a hybrid of the Duncan grape- 
fruit and Clementine mandarin produced in 
Florida in 1914 by W. T. Swingle of the U.S. 
Department of Agriculture and introduced in 
1931. It has not attained commercial importance. 


K-Early 


This variety more closely resembles the 
grapefruits and pummelos. See under K-Early 
(p. 547). 


Minneola (fig. 4-52) 


Fruit large, oblate to obovate; neck usually fair] 
prominent; seeds comparatively few, with greenish cotyl- 
edons. Rind color deep reddish-orange; medium-thin, 
with smooth, finely pitted surface, and moderately ad- 
herent (not loose-skin). Segments 10 to 12 and axis small 
and hollow. Flesh orange-colored; tender, juicy, aromatic; 
flavor rich and tart. Medium late in maturity. 

Tree vigorous and productive with large, long- 
pointed leaves. Less cold-resistant than Orlando. Cross- 
pollination recommended for regular and heavy produc- 
tion. Dancy, Clementine, and Kinnow mandarins appear 
to be satisfactory pollinators. Orlando tangelo is cross- 
incompatible. 
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Minneola is a hybrid of Duncan grapefruit 
and Dancy tangerine produced in Florida by the 
U.S. Department of Agriculture and named and 
released in 1931. Its attractive color, excellent 
flavor, and low seed content have popularized it 
in Florida where it is currently of limited com- 
mercial importance. There is increasing interest 
in its culture in the low elevation desert regions 
of Arizona and California, where total plantings 
were reported to be 594 acres in 1964. 


Orlando (fig. 4-53) 


Fruit medium-large, broadly oblate to subglo- 
bose; without neck; seedy. Rind orange-colored; thin, 
slightly pebbled, and fairly tightly adherent (not free- 
pecling). Segments numerous (12-14); axis small and hol- 
low. Flesh orange-colored; tender, very juicy; flavor 
mildly sweet. Season of maturity early. 

Tree somewhat similar to Minneola but with dis- 
tinctively cupped leaves; somewhat more cold resistant; 
less vigorous; cross pollination recommended for regular 
and good producion. Dancy, Clementine, and Kinnow 
mandarins and Temple tangor are said to be good pollin- 
ators. Minneola tangelo is cross-incompatible. 


Orlando is of the same parentage as Min- 
neola and Seminole—a hybrid of Duncan grape- 
fruit and Dancy tangerine. Originally it was 
named Lake, but it was later renamed to avoid 
confusion. Its earliness of maturity, good ship- 
ping quality, and pleasant flavor made it the 
outstanding popular tangelo in Florida, where 
the annual production in 1965 exceeded a mil- 
lion boxes. In the low elevation regions of Ari- 
zona and California, there is increasing interest 
in its culture. Total plantings in 1964 consisted 
of 610 acres. 


Pearl 


This variety more closely resembles the 
grapefruits and pummelos (see p. 547). 


Pina 


This variety more closely resembles the 
grapefruits and pummelos (see p. 547). 


Sampson 


This variety more closely resembles the 
grapefruits and pummelos (see p. 547). 


San Jacinto 


Fruit medium-sized, round or obovate; commonly 
slightly necked; color orange-yellow; seedy. Rind rela- 
tively smooth, thin, fairly free- -peeling: axis hollow. Flesh 
color pale orange -yellow; tender, very juicy; flavor 
sprightly and subacid. Maturity season early. 

Tree vigorous and productive; leaves small to me- 
dium, oval-shaped, and pointed. 
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This variety originated at the U.S. Date 
and Citrus Station, Indio, California, as a seedling 
of an unnamed tangelo of grapefruit-tangerine 
(presumably Dancy) parentage from a pollination 
made by Swingle in Florida in 1899. Introduced 
in 1931. San Jacinto has never attained commer- 
cial importance. 


Seminole 


Fruit medium-large, broadly oblate; color deep 
reddish-orange; seedy. Rind somewhat pebbled, thin, 
and moderately adherent though peelable; axis hollow; 
Flesh color rich orange; tender, juicy; flavor sprightly aud 
acid. Resembles Minneola in appearance, but peels easier 
and matures later. 

Tree vigorous and productive; leaves medium- 
small, rounded, and cupped (like Orlando and Sampson). 
Appears to be self-fruitful. 


This variety is of the same parentage as 
Orlando and Minneola—Duncan grapefruit 
crossed with Dancy tangerine and has been 
planted to a limited extent in Florida. Seminole 
has attracted little interest in California, pre- 
sumably because it is highly seedy and too tart 
for most palates. 


Sunrise (K-Early) 


This variety more closely resembles the 
grapefruits and pummelos (see p. 547). 





Sunshine 


This variety more closely resembles the 
grapefruits and pummelos (see p. 547). 





Fig. 4-53. Orlando tangelo, the most important citrus 
hybrid introduced thus far. Currently grown extensively 
in Florida. (Photo by W. P. Bitters. ) 
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Fig. 4-54. Ugli, a distinctive, mandarin-like fruit of Ja- 
maican origin, which is rapidly increasing in importance. 
( Photo by C. P. North. ) 


Suwanee 


This midseason variety produces a large, 
seedy, deep-orange-colored fruit. Suwanee is sis- 
ter to Minneola and Seminole, having origi- 
nated from a cross of Duncan grapefruit and 
Dancy tangerine, and has not achieved commer- 
cial importance. 


Thornton 


Fruit medium-large, oblate to broadly obovate; 
commonly somewhat necked; light orange-colored; seedy. 
Rind pebbled and somewhat rough, medium-thick, flex- 
ible, and only slightly adherent (free-peeling); axis mainly 
hollow. F ick color pale orange; very soft and juicy; fla- 
vor mildly sweet. Midseason in maturity. Puffs badly when 
overripe. 

Tree hardy to cold, vigorous, and productive; 
leaves large and long-pointed, resembling sweet orange. 


Thornton originated as a grapefruit and tan- 
gerine (probably Dancy) hybrid made by Swingle 
in Florida in 1899 and was named and released 
in 1904. It has failed to attain much commercial 
importance, although it is grown somewhat as a 
specialty fruit in Texas and Florida. 


Ugli (fig. 4-54) 


Fruit large, broadly obovoid; usually with short, 
strongly furrowed neck or collar; apex truncated and com- 
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monly strongly depressed. Seeds few and monoembryonic. 
Rind color Fa yellowish-orange; medium-thick, leathery, 
moderately rough and bumpy, somewhat ribbed, and 
loosely adherent. Segments about 12 and axis large and 
open. Flesh orange-colored; tender, very juicy; flavor 
rich and subacid. Maturity season late. 

Tree reported to be upright-spreading and man- 


darin-like in appearance. 


According to Webber (1943), the rather 
unusual name for this natural tangelo is said to 
have been given to this unattractive but de- 
licious fruit in the Canadian market which first 
received it. It was referred to as the “Ugly” 
citrus fruit. Soon thereafter, the name Ugli be- 
came the copyrighted trademark of G. G. R. 
Sharp, the principal and for some time the only 
Jamaican exporter. 

From the information he was able to ob- 
tain, Webber (1943) concluded that Ugli origi- 
nated as a chance seedling of unknown parentage 
near Brown's Town, Jamaica. It came to notice 
in 1914 and was propagated by F. G. Sharp at 
Trout Hall and first exported about 1934 by his 
son, G. G. R. Sharp. It is obviously a hybrid with 
characters that suggest mandarin and grapefruit 
parentage, hence Webber provisionally classed 
it with the tangelos. Partly because of the mono- 
embryony exhibited by the seeds, it is the opinion 
of the writer that pummelo is the parent in 
question rather than grapefruit. 

While the fruit is unattractive, its ship- 
ping and eating quality have given it a high 
reputation in Canadian and English markets and 
its production is increasing in Jamaica. 


Webber 


Webber is a medium-sized, flat, thin- 
skinned orange-colored fruit of good quality. The 
variety is of Duncan grapefruit and Dancy tan- 
gerine parentage and was selected in Florida in 
1909 and introduced by the U.S. Department of 
Agriculture in 1932. It has never achieved com- 
mercial importance. 


Wekiwa 


This variety more closely resembles the 
grapefruits and pummelos (see p. 547). 


Yalaha 


Fruit medium-sized, oblate; base slightly de- 
pressed and somewhat furrowed; orange-colored; seedy; 
Rind pebbled and somewhat rough, medium-thick, slightly 
adherent; axis large and hollow. Flesh color pale orange; 
tender, juicy; flavor sprightly subacid. Late in maturity. 

Tree vigorous and productive; leaves oval-shaped 
and pointed, resembling sweet orange. 
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Yalaha is a Duncan grapefruit-Dancy tan- 
gerine hybrid made by the U.S. Department of 
Agriculture in Florida in 1911 and introduced in 
1931. The variety has not achieved importance. 


Other Mandarin-Like Fruits.—In addition 
to the tangors and tangelos, however, there are 
certain other citrus fruits of the Orient which 
have rather obvious resemblances to the man- 
darin. Principal in horticultural importance among 
these are the Calamondin, Iyo, and Rangpur. 


Calamondin (Citrus madurensis Loureiro) 


Fruit very small, oblate to spherical; apex flat- 
tened or depressed. Rind color orange to orange-red; very 
thin, smooth, and finely pitted, easily separable only at 
maturity; sweet and edible. Segments about 9 and axis 
small and semi-hollow. Flesh orange-colored; tender, 
juicy, and acid. Seeds few, small, plump, polyembryonic, 
and with green cotyledons. Fruit holds on tree remarkably 
well. 

Tree of medium vigor, highly productive, u 
right and columnar, nearly thornless; leaves small, broadly 
oval, and mandarin-like. Strongly cold-resistant. 


The mandarin-like Calamondin (fig. 4-55) 
is the Calamonding of the Philippines, the szu- 
kai-kat of southern China and Taiwan, the tékin- 
kan and shikikitsu of Japan, the djerook kastoori 
of Java, and the hazara of India. 

There has been some doubt about the 
status of this fruit. Swingle recognized it as a 
valid species in 1914, but later failed to give it 
specific rating (see chap. 3, p. 337). Tanaka 
for some time retained its specific rank in what 
he designated as the Mitis subgroup. More re- 
cently, Tanaka (1954) has classed it as Citrus 
madurensis Loureiro. 

Undoubtedly of Chinese origin, this fruit 
was early and widely distributed throughout the 
Orient, including Indonesia and the Philippines, 
where the earliest descriptions were made. Al- 
though mandarin-like in most respects, it has 
similarities with the kumquat and sometimes 
has been confused with that fruit, particularly 
in India and Ceylon. Indeed, Swingle (1943, p. 
357) considered it to be a natural hybrid between 
a sour mandarin and some kumquat. 

The Calamondin has little economic im- 
portance for the fruit but is widely used as an 
ornamental in Florida and California. It is espe- 
cially attractive as a potted or tubbed plant in 
fruit and currently is extensively grown and 
shipped to the population centers of the United 
States for use as a winter house plant. It also 
makes an excellent rootstock for the oval or 
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Nagami kumquat, when grown for similar pur- 
poses. Peters, an attractive, variegated-leaf form 
is grown somewhat in California, primarily for 
landscape use. 


Iyo (lyomikan) [Citrus iyo Hort. ex Tan.] 

Fruit medium-sized, subglobose to broadly ob- 
ovoid; apical end shallowly depressed. Rind thick, rat 
pitted, tender, and easily separable; deep orange-colored. 
Medium seed content (some with pale green cotyledons). 
Central column broadly open and segments about 10. Flesh 
orange-colored; tender, very juicy, sweet; flavor rich and 
pleasant. Midseason in maturity. 

Tree vigorous. 

The Iyo is believed by Tanaka (1954) to 
be a natural tangor and was found about 1883 
by M. Nakamura in Obu-gun, Yamaguchi Pre- 
fecture, Japan. First described: as Anado mikan 
in 1892, it was early introduced into Ehime 
(formerly Iyo) Prefecture, where it was widely 
planted and came to be known as Iyo. While 
attractive in appearance and of good flavor, it 
loses quality rapidly in storage and on the tree. 
As a result, it has been little planted in recent 
years. Currently, its culture is limited largely to 
the vicinity of the city of Matsuyama. 





Fig. 4-55. The Calamondin, a small, mandarin-like fruit 
of the Orient. Of value primarily as a container-grown 
ornamental. ( Photo by C. P. North. ) 
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Rangpur (Citrus limonia Osbeck) 


Fruit small to medium in size, variable in form 
but mainly depressed globose to round or broadly obovate; 
sometimes with furrowed collar or low neck; often with 
short nipple partially or entirely surrounded by a shallow 
furrow. Rind color yellowish to coareitielan th thin, and 
moderately loose, with surface minutely pitted and smooth 
to slightly rough. Segments 8 to 10, loosely adherent; axis 
large and hollow at maturity. Flesh orange-colored; ten- 
der, juicy, and strongly acid. Seeds fairly numerous, small, 
highly polyembryonic, and with light green cotyledons. 
Fruit holds on tree for a long period. 

Tree usually vigorous and productive, medium- 
sized, spreading and drooping, with slender twigs, com- 
paratively few and small thorns; foliage dull-green and 
mandarin-like, and new shoot growth lightly purple- 
tinted. Flowers small and mandarin-like and buds and 


petals deeply purple-tinged. Hardy to cold. 


The description of the Rangpur given 
above is generalized. Several clonal varieties of 
this mandarin-like fruit have been selected and 
named and a comparatively wide variation exists 
in fruit characters in regard to form, color, 
smoothness and adherence of rind, and acidity 
and flavor. 

Common names used for the fruit include 
Rangpur in India, Canton lemon in South China, 
hime lemon in Japan, cravo lemon in Brazil, 
Japanche citroen in Java, and Rangpur lime or 
mandarin-lime in the United States. Other Indian 
names include Sylhet lime, surkh nimboo, shar- 
bati and marmalade lime. The name lime em- 
ployed in connection with this fruit is misleading 
and should be avoided since the only similarities 





Fig. 4-56. The Otaheite Rangpur, a semi-dwarf, acid- 
less form that is grown extensively in the United States as 
a potted plant. (From Webber, 1943.) 
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between it and the true limes are that both 
have small flowers and because they are both 
highly acid can be used as substitutes. 

Resemblances between the Rangpur and 
mandarin are obvious and numerous, and for 
this reason it is best included under the mandarin- 
like fruits. The rough lemon and Rangpur also 
exhibit rather close similarities and important 
differences. 

Almost certainly of Indian origin, the 
Rangpur early spread throughout the Orient and 
to the East Indies. According to Webber (1943), 
it was introduced into Florida in the late nine- 
teenth century by Reasoner Brothers of Oneco, 
who obtained seed from northwestern India. The 
Rangpur is of horticultural importance primarily 
as a rootstock both in the Orient and South 
America and as an ornamental. The three most 
important forms of the Rangpur are discussed 
below. 

Kusaie.—Generally referred to as the Ku- 
saie lime, presumably because of the yellow color 
and high acidity of the fruit, Kusaie should be 
properly regarded as a yellow-fruited form of 
the Rangpur and therefore called the Kusaie 
Rangpur. The tree is indistinguishable from other 
Rangpurs and the fruit differs significantly only 
in color. 

Almost certainly this form or variety origi- 
nated in India, for it markedly resembles the 
nemu-tenga of Assam (Bhattachariya and Dutta, 
1956) and is indistinguishable from a promising 
rootstock used in trials in Punjab State and West 
Pakistan called nasnaran, but which the writer 
identified as Kusaie Rangpur. According to Web- 
ber (1943), this fruit was introduced into Hawaii 
from Kusaie Island, of the Caroline group, by 
Henry Swinton in 1885 and thence into the 
United States by Webber in 1914. It seems first 
to have been described by Wilder (1911, p. 86). 

Kusaie is said to have local importance as 
an acid fruit in the Hawaiian Islands. Elsewhere 
in the United States it is a collection item or 
oddity. 

Otaheite (fig. 4-56).—Usually referred to 
as the Otaheite orange, this fruit should be prop- 
erly regarded as an acidless or sweet form of 
the Rangpur and therefore should probably be 
called the Otaheite Rangpur. The tree is similar 
to the common Rangpur but less vigorous and 
hence dwarfed. It is almost thornless and the 
purple coloration on the new shoot growth is 
more intense. Likewise, the fruit is similar but 
somewhat smaller, more commonly necked, con- 
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tains fewer normal seeds (often none), and is 
insipidly sweet from lack of acid. 

Since an acidless form of the Rangpur is 
known in India, this fruit doubtless originated 
there. However, the first known reference to it 
(Risso and Poiteau, 1818-22, p. 66) described it as 
Citrus otaitense, a small orange from Otaite (Ta- 
hiti) brought to Paris from England in 1813. How 
or when it reached the United States is not 
known, but it was listed as a potted ornamental 
in the 1882 nursery catalogue of R. J. Trumble 
of San Francisco, California (Butterfield, 1963). 
Easily propagated from cuttings, as are all the 
Rangpur, it is extensively grown in the United 
States as a potted ornamental, primarily as a 
winter house plant. Several unnamed clones are 
recognized. — 

Rangpur (fig. 4-57).—The clone or clones 
grown in the United States correspond with the 
general description given above. It seems prob- 
able that one principal clone is involved, since 
this fruit is highly polyembryonic and _repro- 
duces remarkably true from seed. As grown else- 
where, apparently there are several rather similar 
clones. This appears to be the case in the Orient 
(Hodgson, Singh and Singh, 1963) and is sug- 
gested by the observation of minor differences in 
a collection of a dozen or more accessions from 
widely separated sources assembled in Califor- 
nia. The differences seem to be concerned prin- 
cipally with the form of the fruit and nature of 
the rind surface. 

In the United States (particularly in Cali- 
fornia), the Rangpur is widely used as a hardy, 
dooryard fruit and ornamental and as a potted 
or tubbed plant. It is especially well adapted for 
such uses since it propagates readily from cut- 
tings and is easily dwarfed when the roots are 
confined. Outside the United States, its use seems 
to be principally as a rootstock. Primarily because 
of its tolerance to the tristeza virus and resistance 
to soil-borne diseases, it is a rootstock widely em- 
ployed, especially in Brazil where it is known as 
the cravo lemon. When employed for such use, 
however, the scion materials must be free from 
exocortis virus, for the Rangpur as a rootstock is 
severely affected by that disease. 


PUMMELOS AND GRAPEFRUITS 

The pummelos, or shaddocks, and_ the 
grapefruits exhibit so many resemblances in both 
tree and external characters that close botanical 
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Fig. 4-57. The common Rangpur, an acid mandarin- 
like fruit of India that is valuable both as a rootstock and 
ornamental. Usually seedy. 


relationship is obvious. Indeed, most systematists 
have either placed them in the same species or 
classed the grapefruit as a subspecies or botani- 
cal variety. The differences are more basic and 
numerous than appear at first glance, however, 
and separation into different species seems clearly 
justified. Nevertheless, it cannot be denied that 
there are pummelos which so closely resemble 
grapefruits that it is difficult to separate them 
with accuracy on any basis other than the pres- 
ence or absence of polyembryony. 

The principal differences between the two 
groups are set forth in the list of comparisons on 
page 534 adapted from Webber (1943).1* 

The pummelos as a group exhibit a very 
much greater range of variation in characters 
than do the grapefruits. Some of them are com- 
paratively small trees, whereas others are among 
the largest of citrus trees. Some exhibit a marked 
degree of pubescence on the young growth, 


17 For a detailed discussion of these differences, the reader is referred to the excellent paper by Chapot (1950a). 
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Pummelo Characteristics 
Young twigs pubescent 
Leaves puberulent along midribs beneath 
Petioles usually very broadly winged 
Wings commonly overlapping blade 
Fruit size usually large to very large 
Fruits mainly round, obovate, or pyriform 
Rind usually thick to very thick 
Segments usually open at suture 
Axis semi-hollow or hollow 
Flesh commonly firm, sometimes crisp 
Flavor highly variable 
Carpellary membranes readily separable 
Seeds monoembryonic 


Fruits mainly borne singly 


whereas others are scarcely, if at all, more pubes- 
cent than some of the grapefruits. The range of 
variation in fruit size, form, and rind thickness 
is notable. The largest of all citrus fruits are 
pummelos and they exhibit the thickest rinds, 
yet some of them are not larger than many grape- 
fruits and do not have much thicker rinds. Pyri- 
form pummelos are common and some are oval 
—forms that are rare or lacking in grapefruits. 
The flavor of pummelos ranges from insipidly 
sweet to highly acid, though many are pleasantly 
flavored, whereas the grapefruits all exhibit a 
pleasant and distinctive flavor. And finally, some 
of the pigmented gaan exhibit an intensity 
of coloration much deeper than that of any of 
the grapefruits. 

The reasons for these important differences 
doubtless reside principally in the facts that (1) 
the pummelos are monoembryonic and hence 
each seedling constitutes a different genotype 
and (2) the pummelos comprise a much older 
and hence larger group than the grapefruits. 


Pummelo (Citrus maxima [Burm.] Merrill, C. 
grandis [L.] Osbeck or C. decumana L.) 


It seems reasonably certain that the pum- 
melo is indigenous to the Malayan and East 
Indian archipelagos, whence it early spread to 
South China and India and thence followed the 
same path as most of the other citrus fruits to 
Europe and America. According to Tolkowsky 
(1938), it was mentioned in Palestine in 1187 a.p. 
and in Spain about the same time. Ferrari (16-46) 
described and illustrated several kinds in Italy. 
According to Webber (1943), it was mentioned 
and described in Jamaica in 1696 under the name 
shaddock and in 1707 an account of its introduc- 
tion reported that seed of this fruit had been 
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Grapefruit Characteristics 
Twigs glabrous 
Leaves glabrous 
Petioles broadly winged 
Wings rarely overlapping blade 
Fruit size medium to large 
Fruits mainly oblate, round, or obovate 
Rind thin to medium-thick 
Segments closed at suture 
Axis solid or semi-hollow 
Flesh tender and melting 
Flavor distinctive 


Carpellary membranes difficultly separable 
Seeds esivenbeenic 
Fruits commonly borne in clusters 


brought to Barbados by a Captain Shaddock, in 
command of an East Indian ship (see chap. 1, foot- 
note on p. 13). The name, shaddock, has persisted 
ever since in the West Indies and the United 
States. Pummelo is the preferred name, however, 
and appears to have been derived from pompel- 
moes or pomplemoose, names given to it by the 
Dutch in the East Indies (Indonesia). In French it 
is the pamplemousse, in Italian the pompelmo, in 
Spanish the abel and in Japanese the 
buntan or zabon. The large size of the fruit is 
reflected in the species designations most com- 
monly employed (maxima, grandis). 

While most of the pummelos are inferior 
or worthless as fresh fruits, there are superior 
kinds and varieties that are ma ed prized in the 
Orient and grown commercially. The principal 
centers of such production occur in southern 
China, Thailand (Siam), Vietnam (Indo-China). 
Malaysia (Malaya), Indonesia, Taiwan (Formosa), 
and Japan. The distribution of superior varieties 
and the environmental conditions under which 
good eating quality is attained appear to be re- 
stricted however, and elsewhere in the Orient the 
fruit is used primarily for culinary and medicinal 
purposes. In other parts of the citricultural world, 
the pummelo has remained a collection item or 
novelty of interest principally for breeding pur- 
poses because of its giant-sized fruits. 

As previously noted, the pummelos com- 
prise a highly variable group. Some of them 
approach or equal the grapefruits in vigor and 
size of the tree, but many of the commercial 
varieties are much less vigorous and smaller, 
although apparently equally resistant to neglect. 
In the limited area where comparisons have been 
possible, pummelos have shown considerably less 
cold tolerance than the grapefruits. While in heat 
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tolerance they are comparable, the pummelos 
exhibit a much wider range in heat requirement, 
some varieties maturing earlier than any of the 
grapefruits and others attaining acceptable qual- 
ity only in regions of very high total heat. 

The pummelos of highest repute in the 
Orient appear to be grown in reclaimed coastal 
marsh areas subject to the flow of brackish tidal 
waters which are high in salt content. This has 
given rise to the belief that the presence of salt 
is related to, if not responsible tor, the distinc- 
tive quality of the fruit. Groff (1927) has reported 
obtaining confirmatory evidence of this belief 
from tests of salt application to the soil about 
trees. Whatever the facts may be, it is true that 
production of good quality pummelos is highly 
restricted in the Orient and that the best varieties 
have apparently failed to develop equal quality 
in the United States or Mediterranean basin. Only 
a few varieties have produced fruits of reason- 
ably good edibility in the United States, pri- 
marily in Florida and the hottest interior areas 
of California and Arizona. None of these fruits 
has proven as acceptable to most palates as a 
good grapefruit. 

Another distinctive feature of pummelo 
culture is the fact that commercial propagation 
in most parts of the Orient is by means of air- 
layerage (marcottage) rather than graftage. 

Because of firmer flesh texture and lower 
juice content, many of the pummelos, particularly 
most of the highly reputed varieties, do not lend 
themselves to serving in the manner employed 
for the grapefruit—spooning the flesh from the 
cut fruit or juicing. After peeling the fruit, the 
segments are separated and the carpellary mem- 
branes—commonly already burst at the suture 
—are easily pulled away from the mass of pulp- 
vesicles (juice sacs). Unlike the grapefruit, this 
can be accomplished without rupturing the walls 
and the resultant escape of juice and soiling of 
the hands. For table use, the pulp-vesicles are 
shelled out into dishes and served with or with- 
out sugar. None of the major varieties exhibit 
the trace of bitterness characteristic of grape- 
fruits, although there are bitter pummelos. 

Many if not most of the commercially im- 
portant varieties of Thailand, South China, and 
Taiwan belong to a highly distinctive group, ob- 
viously of common ancestry and presumably of 
Siamese origin. The trees are small to medium- 
small, round-topped, and drooping in contrast 
with the medium to large, broad-spreading trees 
of most pummelos. The branches are less thorny, 
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the twigs thicker and more densely pubescent, 
and the leaves more round-pointed. The flowers 
are larger and more woody in texture. The sur- 
face of the young fruits exhibits pubescence 
which is often retained to maturity. The rind 
of the mature fruits is less spongy and the flesh 
firm and crisp with tough carpellary membranes 
and juice sac walls. The flesh is hence much less 
juicy than most other pummelos. Varieties in this 
group include Kao Pan and Kao Phuang of Thai- 
land and Mato of China, Taiwan, and Japan. 

With respect to fruit characteristics, the 
pummelos fall into both of the natural groups 
found in the grapefruits and some of those which 
occur in the sweet oranges. 

Most pummelos fall in the common or or- 
dinary group, the fruits of which are highly 
variable in nearly all respects except pigmenta- 
tion and acid content. They are all non-pigmented, 
moderately to highly acid, and typically seedy, 
although there are varieties that are virtuall 
seedless or nearly so in the absence of cross nok: 
lination (Soost, 1964). 

Similar to the common pummelos in all 
respects except that they are virtually devoid of 
acid are the acidless or non-acid pummelos, a 
group analagous to the sugar oranges. Compa- 
rable analyses of acid content and sugar-acid 
ratios for a clone of this group and several com- 
mon pummelos have been reported by Soost and 
Cameron (1961). Results were as follows: for an 
acidless clone, 0.08 to 0.10 per cent acid content 
and ratios of 126-151.3 to 1; for four common 
clones, 1.02 to 1.93 per cent acid content and 
ratios of 5.6-11.4 to 1. 

The pigmented pummelos are similar to 
the common pummelos except for the pigmenta- 
tion caused by the carotenoid lycopene, which 
ranges from light pink to deep red. Some of 
them are highly attractive and excellent in flavor. 

That there is a pummelo group somewhat 
comparable with the navel oranges is suggested 
by Reinking’s (1929) report of a so-called Youble 
pummelo in the Molucca Islands. From his de- 
scription, the structure of the fruit is similar 
to that of the double-fruit navel orange. 

As would be expected, the varieties of 
commercial importance consist of clones of the 
common and pigmented groups, the fruits of 
which are oblate, round, or broadly pyriform, 
with relatively thin rinds, and sweet to mildly 
acid in flavor. The writer must of necessity rely 
upon the literature, which is limited, in describ- 
ing the characteristics of some of the varieties. 
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Common Group Varieties.—The major va- 
rieties of the common group of pummelos are 
described below. Among the introductions re- 
ceived in California from the U.S. Department 
of Agriculture during the 1930-35 period, how- 
ever, there are several varieties, the history of 
which has been lost, which are equal or superior 
to any of the major varieties. Only one, Kao Kuan 
(Ruan) Tia is mentioned by Groff (1927) and 
hence known to be of Siamese origin. The Cali- 
fornia introduction corresponds rather well with 
his description, although the original materials 
consisted of seedlings. The other varieties are 
Karn Lau Yao, Pin Shan Yao, Pong Yao, and 
Tau Yao, all presumably of Chinese or Siamese 
origin. All are medium-large to large produc- 
tive trees with fruits that are broadly obovoid 
to short-pyriform. The fruits have medium-thin to 
medium rinds and are juicy and of good to excel- 
lent flavor. 

Banpeiyu (fig. 4-58) 

Fruit very large (one of the largest), subglobose 
to spheroid; seedy. Light yellow. Rind thick; surface 
smooth and tightly adherent. Segments numerous (15-18); 
axis large and solid; carpellary membranes thin but tough. 
Flesh color pale yellow; tender and juicy; flavor excellent, 
a pleasant blend of sugar and acid. Medium-late in ma- 
turity but stores well for several months longer. 

Tree very vigorous, spreading and large; leaves 
large and broadly winged; twigs, new shoot growth, peti- 
oles, and lower surface of leaves pubescent. 

Banpeiyu is almost certainly the variety 
known as Pai You (Yau) on Taiwan. The variety 
is of unknown Malayan origin and was intro- 
duced into Formosa (Taiwan) in 1920, named in 
1925, and taken to Japan soon thereafter. It de- 
velops high quality fruit only in the hottest 
regions of southern Japan. Among pummelo vari- 
eties, it currently ranks first in Japan and second 
on Taiwan. 


Hirado (Hirado Buntan) 


Fruit large, oblate, slightly depressed at both 
ends; seedy. Color bright yellow when mature. Rind me- 
dium-thick; surface smooth and glossy; tightly adherent. 
Segments numerous and carpellary membranes thin but 
tough. Flesh light rserishep lan: tender and moderately 
juicy; flavor a pleasant blend of sugar and acid with trace 
of bitterness. Medium-early in maturity but stores well. 

Tree vigorous, medium-large; leaves large, thick, 
aa broadly winged. More cold-resistant than most pum- 
melos. 


This variety originated as a chance seedling 
in Nagasaki Prefecture of Japan, was named and 
introduced about 1910, and is currently second in 
importance there. 


Digitized by Cox gle 
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Kao Pan (Kao Panne) 


Fruit medium-large, subglobose to spherical; apex 
slightly depressed; seedy if open-pollinated, but other- 
wise not (Soost, 1964). Lemon-yellow (deeper than most) 
at maturity. Rind medium-thick; faintly pebbled with 
prominent oil glands; tightly adherent. Segments numer- 
ous (12-15); carpellary membranes thick and tough; axis 
medium-small and solid. Juice sacs large, fleshy, easily 
separable, and moderately juicy. Flavor sweet and mildly 
acid. Early in maturity. 

Tree medium-small, round-topped and ean 
nearly thornless; leaves medium-large and round-pointed; 
twigs and new shoots densely pubescent; large, woody 


flowers. 


According to Groff (1927), Kao Pan is one 
of the most highly reputed varieties of Thailand 
and almost certainly originated in the Nakorn 
Chaisri district. Groff considers Nakorn to be a 
synonym. In California, however, Nakorn more 
closely resembles Kao Phuang; both clones were 
received from the U.S. Department of Agricul- 


Fig. 4-58. Banpeiyu pummelo, a very large-fruited va- 
riety that is widely distributed in the Orient. (Photo by 
M. Nishiura. ) 
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ture in 1930. The reason for this discrepancy 
doubtless resides in the fact that the original 
introductions into the United States were budded 
plants in the case of Kao Pan and Kao Phuang 
and seeds in the case of Nakorn. 


Kao Phuang 

Fruit large, broadly pyriform with distinct neck; 
apex even or slightly depressed; seedy if open-pollinated 
but otherwise not (Soost, 1964). Lemon-yellow at matur- 
ity. Rind medium-thick; surface smooth, glossy; less 
tightly adherent than Kao Pan. Segments numerous and 
easily separable; carpellary membranes moderately thick 
and tough; axis small and solid. Vesicles large, easily 
separable, and firm but juicy. Flavor good (more acid than 
Kao Pan). Medium-late in maturity and holds well on 
tree with retention of quality. 

Tree similar to Kao Pan, but somewhat more 
vigorous and upright. 


Groff (1927) reports that Kao Phuang is rec- 
ognized as one of the two best varieties in Thai- 
land, some persons preferring it to the famous 
Kao Pan. In California, its flavor is clearly supe- 
rior. In the collections at the University of Cali- 
fornia Citrus Research Center, Riverside, one of 
several clones received under the name Siamese 
is indistinguishable from Kao Phuang, and is 


probably identical. 


Mato (Mato Buntan) (fig. 4-59) 


Fruit medium-large, broadly obovoid to pyriform; 
seedy. Light-yellow at maturity. Rind medium-thick; sur- 
face coarsely pitted, pebbled from protuberant oil glands; 
tightly adherent. Segments numerous (12-16) and car- 
pellary membranes thin but tough. Flesh color light 
greenish-yellow; crisp, somewhat tough, lacking in juice; 
favor sweet (mildly acid), sometimes with trace of bitter- 
ness, Early in maturiy. 

Tree dwarfed and small, round-topped and droo 
ing; twigs and shoot growth short, thick, and dency 
pubescent; leaves large, thick, and pubescent on the lower 
surface. 


This variety is said to have been taken 
from South China to Taiwan about 1700 and 
thence—but much later—to Japan. Mato is cur- 
rently first in importance among pummelo varie- 
ties in Formosa and ranks third in Japan. From 
the description, it is obviously of the small-tree 
Siamese type and has numerous resemblances to 
such varieties as Kao Pan and Kao Phuang. 

Mato is the seed parent of the compara- 
tively new and promising Tanikawa buntan, the 
pollen parent of which is presumed to be the 
Japanese Sanbékan. That it is of hybrid origin is 
strongly suggested by the facts that (1) the tree 
is more vigorous, conspicuously upright in growth 
habit and appreciably more cold resistant, and (2) 
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Fig. 4-59. Mato buntan, a leading variety of the Sia- 
mese pummelo group. ( Photo by M. Nishiura. ) 


the fruit is smaller, with much thinner rind and 
deeper color, and the flesh is tender, juicy, and of 
excellent flavor. Moreover, the number of seg- 
ments is about a third fewer and the season of 
maturity late. 

Tanikawa originated at the Horticultural 
Research Station, Okitsu, Japan, from pollinations 
made during the period of 1913 to 1925 and was 
named for the originator, T. Tanikawa. It has 
been planted to a limited extent in Kagoshima 
Prefecture, but it is not yet grown extensively. 


Moanalua 
See under Tahitian below. 


Nakorn 
See under Kao Pan (p. 536). 


Siamese 
See under Kao Phuang above. 


Tahitian (Moanalua) 


Mention should be made of the so-called 
Tahitian grapefruit because of its distinctive 
characteristics and high quality. This agreeably- 
flavored fruit is in reality a thin-rinded, highly 
juicy pummelo. The seeds are monoembryonic 
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and otherwise typical of the pummelo and the 
shoot growth is much more pubescent than any 
of the as Wena The faintly amber flesh color 
suggests the possibility that it may be lightly 
pigmented under conditions more favorable for 
color development. 

The origin of Tahitian is obscure but it is 
believed to have developed in Tahiti from seed 
from Borneo whence it was taken to Hawaii. The 
variety is of local and limited importance only, 
but is highly reputed for its excellent quality. 


Tanikawa 
See under Mato (p. 537). 


Pigmented Varieties.—Major pigmented 
varieties of the pummelo are described below. 
Numerous other pink or red-fleshed clones are 
known to exist in the Orient but information is 
not available concerning their importance or 
characteristics. 


Chandler 


Fruit medium in size, oblate to globose; seedy. 
Rind medium-thick, smooth, and sometimes faintly pubes- 
cent. Flesh firm but tender, moderately juicy; flavor in- 
termediate between acidless and moderately acid parents. 
Early in maturity and stores well. 


Chandler is a synthetic variety, recently 
described and released by the University of Cali- 
fornia Citrus Research Center, Riverside (Cam- 
eron and Soost, 1961). It is pink-fleshed like the 
pollen parent, Siamese Pink, but otherwise in- 
termediate in characteristics between it and the 
seed parent, Siamese Sweet. 


Egami 

See under Ogami below. 
Ogami 

One of the better varieties in Florida is 
Ogami, which corresponds sufficiently well with 
the description of the Japanese Egami buntan to 
warrant the conclusion that they are probably 
the same. The fruit is large and broadly oblate, 
with a moderately thick, smooth rind and nu- 
merous seeds. The flesh is moderately firm, juicy, 
and of good flavor. In Florida, rind pigmentation 


is very faint or lacking, but the flesh is deep pink 
(almost red) extending into the albedo. 


Pandan Bener 


Ochse (1931) describes the Pandan Bener 
as one of the two best varieties in the Batavia 
district of Java. The fruit is oblate to globose in 
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form, red-fleshed, pleasantly flavored, and sweet 
with a slight amount of acid. The tree is large 
and vigorous, but less productive than the Pan- 
dan Wangi (see below). 


Pandan Wangi 


This variety is ranked with Pandan Bener 
as one of the two outstanding varieties of the 
Batavia district of Java (Ochse, 1931). The red- 
fleshed fruit is oblate to globose in form, has a 
slight acid content, and is pleasantly sweet fla- 
vored. The tree is descri as vigorous, large, 
and productive. 


Siamese Pink (Siam) 

Fruit large, broadly obovate to short pyriform 
with shallow depression at apex; nearly seedless. Light 
yellow at maturity in California, but probably pink- 
tinted in semitropical climates. Rind medium-thick; sur- 
face smooth; ti ftly adherent. Segments numerous and 
carpellary membranes moderately tough, but commonly 
split open at axis at maturity. Flesh coarse-grained, - 
tinged; very juicy; flavor grapefruit-like (subacid with 
trace of bitterness). Late in maturity. 

Tree vigorous, very large, and spreading; leaves 
2 ae a aaa twigs and shoot growth faintly 
pu 


scent. 


This clone, which was received by the 
Citrus Experiment Station, Riverside, from the 
U.S. Department of Agriculture in 1929 under 
the name Siamese Pink (CES 2246) corresponds 
well with the variety Siam, named and described 
by Wester (1917). According to Wester, it was 
introduced into the Philippine Islands in 1913. 
In California, when fully ripe it is clearly one 
of the best in flavor, although sometimes it has 
a trace of bitterness. 


Thong Dee 


Fruit medium-large, very broadly obovoid to 
oblate; apex slightly depressed; seedy. Light yellow at 
maturity. Rind Pedic thin, smooth, and tightly adher- 
ent. Under favorable conditions both albedo and flesh are 
pink-tinged, the latter in streaks. Carpellary membranes 
thin but tough and readily separable j ee pulp. Vesicles 
large; juice plentiful; flavor good. Midseason in maturity. 

Tree vigorous and large. 


The description of this Siamese vari 
was adapted from Groff (1927) and does not cor- 
respond with the clone received in California in 
1930 from the U.S. Department of Agriculture. 
Groff states, however, that the original materials 
sent to the United States consisted of seeds and 
seedlings. The clone in the California collec- 
tions produces non-pigmented fruits of indifferent 
quality. That grown in Florida seems to be dif- 
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ferent since it is reported to correspond with 
Groff’s description. 

Sweet or Non-Acid Varieties.—At least two 
clones of the non-acid (hence sweet) pummelo 
group are known and there are doubtless others. 

The clone known in the United States (fig. 
4-60) was introduced by the U.S. Department 
of Agriculture in 1930 and was received by the 
Citrus Research Center, Riverside, California, 
under the name Siamese Sweet (CES 2240). 

The tree is typical of the Siamese group in 
all respects—dwarf and drooping, with round- 
pointed leaves and densely pubescent twigs and 
new shoot growth. The fruits are oblate to broadly 
obovoid, with large, crisp, easily separable juice 
sacs lacking in juice, el insipidly sweet with a 
trace of bitterness. Siamese Sweet is of horticul- 
tural interest primarily as a curiosity and also 
because it is the seed parent of the recently re- 
leased Chandler variety (Cameron and Soost, 
1961). 

The other non-acid clone is the Ama or 
Mikado buntan of Japan, which Y. Tanaka has 
described as the botanical variety dulcis (Tanaka, 
1948). From his description and illustration, the 
tree is indistinguishable from Siamese Sweet but 
the fruit is subglobose to spherical. 


Grapefruit (Citrus paradisi Macfadyen) 


The origin and significance of the name 
of this important fruit are obscure. According 
to Webber (1943), who made a comprehensive 
search of the literature, the earliest recognizable 
mention of grapefruit occurred in Barbados (West 
Indies) in 1750 under the name “forbidden fruit,” 
from which the species designation, paradisi, was 
assigned in 1830. A few years later it was referred 
to in Jamaica as the “forbidden fruit or smaller 
shaddock.” The first known use of the term 
grapefruit occurred in 1814, also in Jamaica, in 
which it was referred to as a special and smaller 
kind of shaddock whose flavor somewhat resem- 
bled that of the grape. It seems more likely, how- 
ever, that the name was derived from the fact 
that the fruits commonly occur in small clusters 
rather than singly, as with most shaddocks (pum- 
melos). Early in the present century, the name 
pomelo was proposed and for a time was used 
by American horticulturists. It was not accepted 
by the industry, however, and has now virtually 
disappeared. The Spanish name is toronja. 

Almost certainly, the grapefruit originated 
in the West Indies, for it is not described in the 
old literature and was not known in Europe or 


piatizes y (GOO 


539 





Fig. 4-60. Siamese Sweet pummelo, a so-called acidless 
variety. (Photo by J. W. Cameron. ) 


the Orient until after its discovery in the Western 
Hemisphere. That it was derived from the pum- 
melo is certain, but whether by somatic mutation 
or natural hybridization is not known. It is the 
opinion of the writer, based on observations of 
numerous natural hybrids of the pummelo in 
northeastern India, Sikkim, and eastern Nepal, 
that the grapefruit originated as a natural hybrid. 

The attractive qualities of the grapefruit 
were early recognized and even prior to the 
time it was first referred to by that name in 
the literature it was said to be common in Ja- 
maica and was probably known throughout the 
West Indies. It remained for Florida, however, 
to introduce this excellent fruit to the American 
consumer and to develop a commercial industry. 
This fact explains why, with the sole exception 
of Redblush (Ruby), all the grapefruit varieties of 
commercial importance have originated in Florida 
and apparently trace back to the original intro- 
duction. 

According to Ziegler and Wolfe (1961), 
the introduction in Florida was made by Count 
Odette Phillippe, a Frenchman, who settled near 
Safety Harbor on Tampa Bay in 1823 and brought 
with him seeds or seedlings of the grapefruit and 
other citrus fruits from the Bahama Islands. Web- 
ber (1943) states that the introduction occurred 
about 1809 and quotes a pioneer grower of that 
district who in 1892 reported that the citrus 
materials in question were said to have come 
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from Cuba. Whatever the facts may be, it was 
from this introduction that the commercial grape- 
fruit industry of the world developed. The Florida 
commercial industry, however, had its beginning 
about 1885, by which time trial shipments made 
to Philadelphia and New York had met with 
a favorable reception and demand for nursery 
trees was developing. Commercial production 
elsewhere was not undertaken until some dec- 
ades later in California, Arizona, and Texas and 
more recently in other parts of the citricultural 
world. 

Because of the phenomenal development 
of the industry in Florida and Texas, within a 
half-century from the beginning of its commer- 
cial culture the grapefruit attained the status of 
a major citrus fruit. With a production exceeding 
52 million boxes in 1965, the grapefruit closely 
approaches the mandarins in importance and ex- 
ceeds the lemon, comprising about 10 per cent of 
the world production of citrus fruits. The United 
States is much the largest producer, accounting 
for about 80 per cent of the world crop (mainly in 
Florida), followed by Israel, the West Indies (in- 
cluding Jamaica and Cuba), Argentina, and South 
Africa. Grapefruit is also grown to a limited ex- 
tent in Spain, Morocco, Australia, Algeria, and 
Cyprus. 

The grapefruit tree is vigorous and under 
favorable conditions is one of the largest citrus 
trees, requiring more space than any other. Its 
resistance to heat is outstanding and in cold 
tolerance it closely approaches the sweet orange. 
Like the bitter orange, it withstands neglect to 
a considerable degree. As a consequence, the 
grapefruit exhibits a wide range of climatic adap- 
tation. Its very high heat requirement for the 
production of fruit of good quality, however, re- 
stricts its commercial culture to hot climates. 
This requirement coupled with its marked heat 
resistance render the grapefruit almost equally 
well adapted to hot desert and humid semitropi- 
cal or tropical climates, in which respect it is 
approached only by some of the mandarins. 

Effects of the climatic environment on the 
characteristics of the fruit are striking and im- 
portant. Under desert conditions the color is 
brighter and deeper and the flavor more sprightly 
and pronounced than in humid climates, accom- 
panied by somewhat smaller size, less oblate 
form, and lower juice content. The differences 
are sufficiently great to constitute a natural trade- 
mark and to provide the markets with fruits 
for a wide varicty of tastes and preferences. 
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Because of its refreshing flavor and the mild 
bitterness contributed by the glucoside naringin, 
the fresh grapefruit is unexcelled as a breakfast 
fruit served either in halves or as juice. It is 
also widely used as a salad fruit and to some 
extent for dessert. Because of overproduction 
which occurred in the 1920's, it early received 
attention from the processors with the result that 
the first commercially successful canned citrus 
products were single-strength grapefruit juice 
and fruit segments (hearts). Improved over the 
years, these products have achieved consumer 
acceptance and industry importance. During the 
1961-62 season some 9 million boxes (90-Ib) were 
used for single-strength canned grapefruit juice 
and 3 million for canned grapefruit sections. 
While important, the impact of the recent frozen 
concentrate juice process on the grapefruit in- 
dustry has been much less spectacular than 
occurred with the orange industry. Thus, the 
utilization of grapefruit for this excellent prod- 
uct in 1961-62 amounted to only 2.7 million boxes 
and up to 1966 never exceeded 4.5 million boxes. 
During the decade ending in 1966, on the average 
slightly less than half of Florida production was 
used for processing. 

Essential oil and pectin are the principal 
byproducts obtained from the rind. Grapefruit 
seed oil is an interesting byproduct of minor 
importance. 

The grapefruits fall into two natural groups 
—the common and pigmented grapefruits—which 
are similar to two of the four groups found in the 
sweet oranges. On the basis of season of matu- 
rity, they may be early, midseason, or late. In 
general, the seedy varieties are early or mid- 
season and the seedless varieties are late in matu- 
rity. Where legally permissible, however, such 
as in Florida and certain foreign countries, these 
differences virtually can be eliminated by the 
use of arsenical sprays, which act to reduce nor- 
mal development of acidity. 

Common Grapefruit The common or or- 
dinary grapefruit is increasingly referred to in 
the trade as the white grapefruit to distinguish 
it from the pigmented varieties. Typically, the 
trees are vigorous, large, and very productive and 
the fruit is seedy and rich in flavor. From the 
early seedling plantings in Florida, all of which 
trace back to the original introduction, numerous 
selections were made many years ago and named 
as varieties. The most important of these is Dun- 
can, which was a seedling from a tree in the 
original planting. Many if not most of these early 
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named varieties have proved to be indistinguish- 
able and doubtless represent the same parental 
clone. In the markets of the United States, the 
fruit from seedling trees and some of these vari- 
eties, of which there remains considerable acre- 
age, is usually sold under the name Florida 
Common. 

Connoisseurs generally agree that the 
flavor of the seedy fruits is richer and more pro- 
nounced than that of the so-called seedless varie- 
ties. Since they also mature earlier and exhibit 
better section stability in canning, processors 
prefer the seedy fruits and in recent years exten- 
sive plantings of such varieties have been made. 

The first commercially seedless grapefruit 
(with few or no seeds), later named Marsh, be- 
came available in 1889 and because of that highly 
desirable characteristic within a few decades 
attained dominance in Florida and became the 
leading grapefruit variety of the world, a status 
it has retained ever since. More recently, at least 
two other seedless varieties of the common grape- 
fruit type have been found, namely Davis in 
Florida and Cecily in South Africa, neither of 
which has attained much commercial importance. 

Among the early named varieties are sev- 
eral such as Royal and Triumph, the fruits of 
which differ from the usual seedy grapefruit, as 
typified by Duncan, in that they are smaller, less 
oblate in form, sometimes with persistent style, 
somewhat deeper in color, less pronounced in 
flavor and bitterness, and usually earlier in matu- 
rity. The possibility has been suggested that they 
may be natural grapefruit-orange hybrids (oran- 
gelos). None has attained commercial importance. 

Major Common Grapefruit Varieties.—Of 
common grapefruit varieties, only Marsh and 
Duncan are currently being planted on an impor- 
tant commercial scale, the former in all parts of 
the world where grapefruit is grown and the lat- 
ter principally in Florida and primarily for proc- 
essing. The most important varieties are described 
below. 


Bowen 


See under Duncan below. 


Duncan (fig. 4-61) 


Fruit large, oblate to globose or broadly obovate; 
basal furrows short and radiating; areolar ring faint; 
seedy. Color pale to light yellow. Rind medium-thick and 
surface smooth and even. Flesh color buff to chamois- 
colored; tender, very juicy; flavor pronounced and excel- 
lent. Medium-early in maturity. 
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Fig. 4-61. Duncan, the oldest named grapefruit variety 
of Florida. 


Tree vigorous, large, very productive, and _re- 
puted to be probably the most cold-resistant. 


This variety represents the oldest grape- 
fruit clone grown in Florida, though it was not 
named and introduced until about 1892. As near 
as can be determined, the parent seedling tree 
was planted around 1830 near Safety Harbor, 
on the Pinellas Peninsula, Florida. The seed came 
from a tree in the original planting made by 
Count Odette Phillippe, who is credited with 
having brought the grapefruit to Florida from 
the West Indies. It was named for the introducer, 
A. L. Duncan of nearby Dunedin. 

Since the grapefruits are highly polyem- 
bryonic and all varieties and seedlings in Florida 
trace back to the planting which contained the 
seed parent of Duncan, the probability is good 
that many, if not most, of them represent the 
same clone. Certainly many of the early named 
varieties are indistinguishable from Duncan and 
have been marketed under that name. It has re- 
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Fig. 4-62. Marsh, the most important variety and the 
first seedless grapefruit discovered. 


cently been established (Cooper, Reece and Furr, 
1962) that the Bowen variety used in some of 
the early citrus breeding work in Florida was 
in reality Duncan. 

In flavor, Duncan has remained the stand- 
ard of grapefruit excellence in Florida although 
seedless varieties have largely displaced it in 
the fresh fruit markets. With the advent of proc- 
essing, however, its flavor and better suitability 
for canning have renewed interest in this excel- 
lent variety and it constituted about 7 per cent of 
the grapefruit planted between 1956 and 1966. 


Marsh (Marsh Seedless, White Marsh) 
(fig. 4-62) 


Fruit medium in size, oblate to spherical; areole 
ring indistinct or lacking; seeds few or none. Color pale to 
light yellow at maturity. Rind medium-thin, tough: sur- 
face very smooth and even. Flesh buff-colored; tender, 
very juicy; flavor good though not so pronounced as in 
some seedy varieties. Holds unusually well on the tree and 
ships and stores well. The latest-maturing of all commer- 
al eaaes 

Tree vigorous, spreading, large, and productive. 
Because of high heat requirements, commercially re- 
stricted to very hot climates. 


According to Webber (1943), Marsh ap- 
parently originated as a chance seedling planted 
about 1860 on a farm near Lakeland, Florida. Its 
commercial value as a seedless variety was not 
recognized until 1886, however, when it was 
brought to the attention of E. H. Tison of the 
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Lakeland Nursery Company, who immediately 
arranged for its propagation and introduced it 
soon thereafter as a choice seedless variety. A 
few years later it was given its present name 
by C. M. Marsh, who had acquired the Lakeland 
Nursery. According to Mr. Tison, the owner of 
the farm on which the parent tree occurred in- 
sisted that it developed as a root sprout from an 
old seedling tree which produced seedy fruit. 
While this is possible, it seems highly improbable. 

Primarily because of its comparative seed- 
lessness, within a few years after its introduc- 
tion Marsh became the variety most planted in 
Florida and virtually the only variety planted 
elsewhere. It is still by far the leading variety 
and is worldwide in its distribution. 

Marsh is of unusual horticultural interest 
not only because it was the first seedless grape- 
fruit variety discovered but also because the pig- 
mented varieties currently of greatest commercial 
importance trace back to it. Thus, Thompson 
(Pink Marsh) originated as a limb sport of Marsh 
and Redblush (Ruby) or Red Marsh occurred as 
a bud mutation of Thompson. On the other hand, 
Marsh has also given rise to inferior bud varia- 
tions, frequently characterized by a reversion to 
seediness. 

Other seedless varieties of more recent 
origin, virtually indistinguishable from Marsh, 
include Cecily of South Africa and Davis. 

Nucellar clonal budlines are currently of 
importance in Texas, Arizona and California, 
principal among which are Frost, CES (Citrus 
Experiment Station, Riverside, California), and 
USDA (U.S. Date and Citrus Station, Indio, Cali- 
fornia). Reed, a seedling that originated in the 
dooryard of J. F. Reed of Taft, California, is one 
of the most recent selections to receive attention. 


Triumph 


Fruit medium-small, oblate, globose, or ellipsoid; 
somewhat flattened at both ends; very seedy. Color pale 
to light yellow. Rind medium-thick with very smooth sur- 
face. Flesh tender and very juicy; flavor lacking in bitter- 
ness and exceptionally good. Early to midseason. 


Tree less vigorous than most grapefruits but pro- 
ductive. 


This was the first named grapefruit variety, 
having been offered to the public in 1884. The 
parent tree, presumably a seedling, was situated 
in the grounds about the Orange Grove Hotel in 
Tampa, Florida. 

Being the first named variety, it was early 
and widely distributed though it did not achieve 
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much commercial importance and has been little 
planted for many years. 

Its lack of bitterness and rich flavor are 
suggestive of the orange and some have thought 
that it might be a natural orangelo (orange- 
grapefruit hybrid). In lack of bitterness it rather 
closely resembles Imperial of California origin 
and is somewhat like Mott (Aurantium), Leon- 
ardy, and Royal, all of Florida origin, though the 
latter is even more orange-like. Indeed, these 
varieties appear to constitute a natural group of 
grapefruits in which the distinctive bitterness is 
lacking or they may be of hybrid origin. With 
the exception of Triumph, currently employed 
primarily for home planting, none of them has 
attained commercial importance. 

The Jackson variety of South Africa is said 
to be a seedless budsport of Triumph. 


Walters 


Walters is a midseason variety that pro- 
duces medium-large, seedy fruits with relatively 
thin rinds and excellent and pronounced flavor. 

It originated as a seedling near Belleview, 
Marion County, Florida, and was introduced in 
1887 by a Mr. Walters through a local nursery. 

Walters was never planted extensively but 
has special horticultural interest because it has 
given rise through bud mutation to two other 
varieties—Foster, the first pink-fleshed variety 
of record, and Cecily, a seedless South African 
variety similar to Marsh. 


Wheeny 
See under pummelo hybrids (p. 551). 


White Marsh 
See under Marsh (p. 542). 


Pigmented Grapefruit Varieties.—While 
pigmented pummelos have been known for cen- 
turies in the Orient and were early brought to 
the West Indies, it was not until 1907 that the 
first-recognized, pink-fleshed grapefruit, the seedy 
Foster variety, was found. Shortly thereafter 
(1913), a seedless pink-fleshed limb sport of 
Marsh was discovered which in 1924 was propa- 
gated as the Thompson variety. Only five years 
later a seedless red-fleshed fruit, Redblush (Ruby), 
was found as a limb sport of Thompson in the 
Lower Rio Grande Valley of Texas. 

Though of attractive appearance and ex- 
cellent quality, because of its seediness the Foster 
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variety never achieved commercial importance. 
Thompson became available just as the Texas 
industry began its phenomenal development and 
was therefore planted extensively. The favorable 
reception accorded it in the markets caused it 
to be planted somewhat extensively in Florida. 
When Redblush became available in the markets, 
however, the deeper color of the flesh and the 
attractive pink blush on the rind, which is lack- 
ing in Thompson, made it an immediate favorite. 
As a consequence, the Thompson variety da et 
lost favor and for years past Redblush has been 
the only pigmented variety widely planted. Red- 
blush is now grown extensively in Florida and 
Texas and to a limited but increasing extent in 
Arizona and California. 

Until processing methods are perfected to 
retain the natural color of the lycopene pigments, 
the utilization of the pigmented varieties will 
largely be restricted to fresh fruit outlets. The 
conditions responsible for the development of 
the pink or red coloration are not well under- 
stood, but it is clear that they differ somewhat 
from those involved in coloration of the blood 
oranges. That heat is a requisite is evident from 
the fact that coloration does not occur in regions 
of low total heat and is most intense in the hottest 
regions. Also, no chilling requirement seems to be 
involved, for excellent coloration occurs in both 
Florida, Texas, and tropical regions. Rootstock 
influence seems also to play an important role in 
coloration.!* 

Although different pigments are involved 
and the climatic requisites for their development 
differ somewhat, the pink-fleshed grapefruits may 
be considered to correspond with the light blood 
oranges and the red-fleshed varieties with the 
deep blood orange group. 

Of particular interest in respect to the 
mode of origin of pigmented grapefruit varieties 
is a recent report (Cameron, Soost, and Olson, 
1964) showing that nucellar seedling clones of 
the Thompson and Foster varieties do not exhibit 
the same degree of pigmentation as do the parent 
varieties. Pigmentation is lost in the nucellar 
Thompson and increased in the nucellar Foster. 
The degree of pigmentation remains unchanged, 
however, in the Redblush (Ruby) and Shambar 
varieties. Convincing evidence is presented that 
chimeric constitution of the parent clones is the 
cause of this interesting behavior. It is postu- 
lated that both clones are periclinical chimeras 


14 Letter to the editor from W. P. Bitters, dated August 6, 1965. 
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that carry a color factor in germ layers I and II. 
A somewhat similar situation is reported to exist 
in the true sweet lemon (Chapot, 1963d). 

The most important pigmented grapefruit 
varieties are described below: 


Foster (Foster Pink) 


Fruit medium-large, oblate to spherical; basal 
furrows short, radiating; areolar ring indistinct; very 
seedy. Primary color pale to light yellow, but under favor- 
able conditions rind blushed with pink, extending into 
the albedo. Rind medium-thick and surface smooth. Pri- 
mary flesh color chamois, but under favorable conditions 
pink; flesh texture tender and juicy; flavor good. Medium- 
early in maturity. 


Tree vigorous, large, and productive. 


This variety originated as a limb sport in 
a tree of the Walters variety in an orchard near 
Ellenton, Florida, and was discovered in 1907 by 
R. B. Foster of nearby Manatee. It was intro- 
duced in 1914 by the Royal Palms Nurseries, 
Oneco. 

Foster is of horticultural interest primarily 
because it is the first pigmented grapefruit variety 
of record in Florida. As such, it attracted consid- 
erable attention and was planted to a limited 
extent both in Florida and Texas. With the ad- 
vent of the seedless pink-fleshed Thompson vari- 
ety only ten years later, however, interest in 
Foster declined abruptly and it has not been 
planted for many years. 

Another reason for horticultural interest in 
this variety is the fact that in Texas it gave rise 
by bud mutation to the seedless pink-fleshed 
variety, Foster Seedless, which closely resembles 
Thompson but exhibits somewhat better flesh 
coloration. Nucellar seedlings of Foster also pos- 
sess more intense pigmentation than the parent 
clone. 





Fig. 4—63. Redblush or Ruby grapefruit of Texas, the 
most important pigmented variety discovered thus far. 
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Pink Marsh 
See under Thompson (p. 545). 


Redblush (Ruby, Red Marsh, Red Seedless) 
(fig. 4-63) 

Fruit similar to Thompson (see below) in all re- 
pects except for much deeper pigmentation in the flesh 
(but not in the juice), crimson blush on the rind, especially 
at points of contact between fruit; albedo pigmented. 
Holds on tree as well as Marsh or Thompson but with 
some fading of flesh color. Similar to Thompson in season 
of maturity. 

Tree indistinguishable from Thompson or Marsh. 

While the name Ruby has a slight time 
priority. Redblush seems preferable to avoid con- 
fusion with the much older Ruby orange variety. 
Moreover, Redblush is more descriptive of this 
variety and is the name most used in the region 
of its origin. 

Ruby (Henninger Ruby Red) originated 
as a limb sport of Thompson that was found in 
1929 by A. E. Henninger of McAllen, Texas, and 
patented by him in 1934. So far as is known this 
was the first citrus variety to receive a patent 
(U.S. Plant Patent No. 53). 

Redblush (Webb Redblush) is said to have 
originated as a limb sport, also of Thompson, that 
was observed in 1931 by J. B. Webb of Donna, 
Texas, propagated soon thereafter, and intro- 
duced in 1934. 

Ruby and Redblush are so similar as to 
be indistinguishable and for all practical purposes 
they may be considered to be identical. A num- 
ber of similar bud mutations are known to have 
occurred subsequent to the two now generally 
propagated as Redblush or Ruby. Thus, Waibel 
(1953) lists seven bud mutations which tests by 
the Texas Agricultural Experiment Station have 
shown do not differ significantly in appearance, 
season, or yield. Ziegler and Wolfe (1961) state 
that several mutations have occurred in Florida 
that cannot be distinguished from Ruby. 

Nucellar clonal budlines are currently of 
great interest and are being planted commer- 
cially, in Texas, Arizona, and the Coachella Val- 
ley of California. The oldest and most popular of 
these is CES Redblush No. 3, which was pro- 
duced at the University of California Citrus 
Research Center, Riverside. 

Because of the attractive appearance pro- 
vided by the pigmentation of the rind and its 
deeper flesh coloration, Redblush (Ruby) rapidly 
superseded Thompson and some years ago be- 
came by far the leading pigmented variety and 
one of the major grapefruit varieties. 


HORTICULTURAL VARIETIES 


Red Marsh 
See Redblush above. 


Red Seedless 
See Redblush above. 


Thompson (Pink Marsh) 


Fruit medium in size, oblate to spherical; arcole 
indistinct or lacking; seeds few or none. Pale to light 
yellow at maturity. Rind medium-thin, tough, and surface 
very smooth. Primary flesh color chamois to dark buff, 
but under favorable conditions light pink (but not in 
juice); albedo not pigmented; flesh texture tender and 
juicy; flavor good, similar to Marsh. Holds on tree unusu- 
ally well, but with considerable fading of color; ships and 
stores well. Midseason in maturity (earlier than Marsh). 

Tree vigorous, large, and productive. 


This variety originated as a limb sport in 
a Marsh tree in an orchard owned by W. B. 
Thompson at Oneco, Florida. While discovered 
by S. A. Collins in 1913, it did not become avail- 
able until 1924 when it was named and intro- 
duced by the Royal Palms Nurseries, also of 
Oneco. 

Because of its seedlessness, Thompson im- 
mediately attracted attention and was extensively 
planted in Texas and to some extent in Florida, 
quickly replacing the still new Foster variety. In 
turn, it has long since been superseded by the 
more deeply pigmented Redblush variety, which 
also is more attractive because of the rind colora- 
tion it exhibits. | 

Thompson remains of horticultural inter- 
est, however, because it was the first seedless pig- 
mented variety to be discovered and within a 
few years gave rise by bud mutation to a num- 
ber of more deeply pigmented clones. Among 
these are Redblush, the variety that replaced it 
and has become by far the most important pig- 
mented grapefruit variety, and the more recent 
Burgundy (see below). In addition, nucellar seed- 
lings of Thompson do not exhibit the pigmenta- 
tion of the parent clone. 

Several other pink-fleshed seedless limb 
sports of Marsh have been reported. Shamel 
(1920) has described one which was found at 
Corona, California, and more recently Waibel 
(1953) has mentioned two which occurred in 
Texas. All markedly resemble Thompson. 


Minor Grapefruit Varieties—Both com- 
mon and pigmented grapefruit varicties of minor 
importance are combined in the descriptions 
given below. 
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Burgundy (Burgundy Red) 


This variety produces a seedless, red- 
fleshed, late-ripening fruit that in Florida fails 
to develop external rind coloration. It is said to 
be intermediate in size between Redblush (Ruby) 
and Thompson and somewhat less juicy than 
either. The flesh color is appreciably deeper 
than Redblush and the color is retained much 
later. 

The parent tree was found about 1948 in 
an orchard of the Thompson variety near Ft. 
Pierce, Florida, that belonged to Hudson J. 
McReynolds of Orlando. Since it occurred as an 
entire tree, the probability is that Burgundy origi- 
nated as an undetected bud sport of Thompson 
that was unwittingly propagated by the Glen 
St. Mary Nurseries, who provided the trees for 
the McReynolds orchard. Burgundy was intro- 
duced commercially in 1956 and has been planted 
to some extent. According to F. E. Gardner of the 
U.S. Department of Agriculture, Orlando, who 
provided the facts given here, this variety re- 
ceived U.S. Plant Patent No. 1276 in 1954. Like 
the parent variety, its nucellar seedlings are not 
true for pigmentation. 


Cecily 


This South African variety is so similar 
to Marsh that the two are virtually indistinguish- 
able. It was found near Uitenhage, Cape Colony, 
in 1922, presumably as a limb sport, in a small 
planting of trees of the Walters variety that had 
been imported from Florida. It was named by the 
owner, Sir Percy Fitzpatrick, in honor of his 
daughter Cecily. 

In South Africa, it is said to differ some- 
what in growth habit from Marsh and the fruit 
is less oblate and of finer texture. In California, 
however, these differences have not been noted. 
It is grown to some extent in the region of its 
origin but is not replacing Marsh elsewhere. 


CES Redblush 


This nucellar seedling of Redblush (Ruby) 
was derived at the University of California Citrus 
Research Center, Riverside, about 1945 and re- 
leased about ten years later. That selection known 
as Number Three (No. 3) has been most used. 


Clason 


Clason is a seedy, midseason, Arizonan va- 
rictv that is indistinguishable from most of the 
named seedy Florida varieties. Of unknown origin 
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and probably a seedling, it was grown on a limited 
scale in the Salt River Valley for a decade or two 
but has not been planted in recent years. 


Davis 


Davis is a seedless grapefruit variety in 
Florida so similar to Marsh that they are indis- 
tinguishable to the writer. Traub and Robinson 
(1937, p. 778) state that there are minor differ- 
ences, pee and report that Davis originated 
as a seedling, presumably of nucellar origin, that 
came “from a cross between a seedling type of 
grapefruit and a tangerine (in the attempt . . . to 
secure a tangelo).” Davis has not achieved com- 
mercial importance. 


Foster Seedless 


This Texas variety is a seedless Foster with 
somewhat better rind coloration. According to 
Waibel (1953), it was first noted in 1928 in the 
crop from a small planting of the Foster variety 
near Mission, Texas, made with trees brought 
in from Florida. The limb sport was located in 
1931, but the parent tree was inadvertently de- 
stroyed shortly thereafter. Fortunately, however, 
it had been propagated and the clone was redis- 
covered by Joseph Hollerbach in 1932 in a young 
planting nearby. Because of the availability of 
the more deeply-pigmented Redblush variety, 
however, Foster Seedless has not attained com- 
mercial importance. 


Frost Marsh 


This variety is a nucellar seedling of Marsh 
that was derived by H. B. Frost of the University 
of California Citrus Research Center, Riverside, 
from seed planted in 1916. It was introduced 
commercially in 1952. Currently, it is the prin- 
cipal clonal selection of Marsh under propagation 
in California and South Africa. 

Imperial 

This California variety produces a medium- 
small, very seedy fruit that lacks the typical 
grapefruit flavor and bitterness. In this respect, 
it closely resembles the Triumph, Mott (Auran- 
tium) and Royal varieties. Of unknown origin, 
Imperial is presumed to be an introduction from 
Florida made about 1901 by the R. M. Teague 
Nurseries of San Dimas, California. It never at- 
tained commercial importance and is included 
here primarily because of its use in the early 
citrus breeding program at the University of Cali- 
fornia Citrus Research Center, Riverside. 
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Jackson 


Jackson is a virtually seedless sport of Tri- 
umph with its characteristic tenderness of flesh, 
juiciness, and mild flavor. It was found as a limb 
sport on the property of H. Jackson at Karino, 
eastern Transvaal, about 1945. It was considered 
highly promising in South Africa and was planted 
to some extent, but has proven to be very suscep- 
tible to the widespread stem-pitting virus disease 
and hence is no longer much planted. 


McCarty 


McCarty is an old seedy variety of high 
quality that was popular for some decades in 
the early history of the Florida industry. A few 
orchards still exist. Hume (1926) considered it to 
be somewhat distinctive in that the fruit is borne 
singly rather than in clusters. Of unknown origin, 
it came to light at Rockledge, Florida, about 
1886 and was named for C. T. McCarty of 
Eldred, who was a pioneer grapefruit grower. 

McCarty has not been generally propagated 
outside of Florida. 


Royal 


This Florida variety has a relatively small, 
nearly round, orange-yellow, seedy fruit of sweet 
flavor that lacks the typical grapefruit bitterness 
and aroma and is suggestive of sweet orange. 
While a distinctive variety, Royal has resem- 
blances, notably in flavor and other respects, to 
such varieties as Triumph, Imperial, Mott and 
Leonardy, which suggests that they comprise a 
natural group and may possibly be grapefruit- 
orange hybrids (orangelos). 

Royal is said to have come originally from 
Cuba but was named and introduced in 1892 by 
the Royal Palm Nurseries of Oneco, Florida. It 
was grown commercially for several decades but 
has not been planted for many years. 


Shambar 


Shambar is a seedless, pink-fleshed fruit 
that resembles Redblush (Ruby) and has been 
reported to mature slightly earlier than Marsh 
or Redblush and to exhibit somewhat better color 
and flavor than the latter. 

It was discovered by Alec Barnes in 1936 
as a limb sport of Marsh in an orchard of the 
Chace Brothers (later American Fruit Growers 
Company) at Corona, California. It was first de- 
scribed by A. D. Shamel of the U.S. Department 
of Agriculture. Shambar was introduced commer- 
cially in 1945, but has been little propagated. 


HORTICULTURAL VARIETIES 


Fruits Most Resembling the 
Grapefruit or Pummelo 


Tangelos.—While the tangelos (grapefruit- 
mandarin hybrids) of commercial importance 
more closely resemble mandarins than grape- 
fruits, there are some of which the reverse is 
the case and hence they fall into this group. 
The most important or interesting of these syn- 
thetic hybrids appear to be the following: 


K-Early 

Fruit medium size, slightly subglobose; color yel- 
lowish-orange; seedy; rather aaa Very early maturity. 
Somewhat resembles the Orlando in appearance. 


K-Early is sometimes incorrectly called 
Sunrise, a name preempted by an older, very 
different, and little-known tangelo. This variety 
is one of the first hybrids created by Webber and 
Swingle of the U.S. Department of Agriculture 
in Florida, and originally was not considered 
worthy of introduction. Approximately two dec- 
ades ago, it attracted the attention of John Kauff- 
man, Sr. of the Grand Island Nurseries at Eustis, 
Florida, who was impressed by its very early 
coloring and maturity and propagated trees for 
commercial planting about 1945. Although of 
comparatively poor quality, the high market re- 
turns it has received have stimulated both inter- 
est and planting in recent years. 


Pearl 


Fruit medium-small, slightly oblate; color yellow; 
seedy. Rind comparatively smooth, thin and tightly ad- 
herent; axis solid. Flesh tender, juicy; flavor pleasantl 
sweet. Medium-early in maturity and loses craality if left 
on tree past maturity. 

Tree vigorous, spreading, drooping, and some- 
what alternate bearing. 


Pearl is similar in parentage to Allspice 
(see p. 528) and was released in 1940 (Frost, 1940). 
It is unattractive and too small in all but the hot- 
test climates but may be suitable for home use. 


Pina 

The Pina variety produces an early ripen- 
ing, seedy, grapefruit-like fruit of medium-large 
size. The tree is lacking in vigor. Originated from 
the same Duncan grapefruit and Dancy tangerine 


cross that produced Minneola and Seminole, Pina 
has not achieved commercial importance. 


Sampson (fig. 4-64) 
Fruit medium-sized, globose to slightly obovate; 


often somewhat necked; color orange-yellow; seedy. Rind 
smooth, thin, relatively adherent; axis semi-hollow. Flesh 
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color dull orange; juicy, somewhat acid; flavor with dis- 
tinctive bitterish tang. Late-midseason in maturity. Seeds 
highly polyembryonic. 

Tree vigorous, apres ine large, and productive ; 
leaves distinctive, cupped, and boat-like. 


Sampson is a grapefruit and Dancy tan- 
gerine hybrid resulting from a cross made in 
1897 by Swingle in Florida. It was named and 
described by Webber and Swingle of the U.S. 
Department of Agriculture in 1904. It has never 
attained commercial importance, except as a root- 
stock to a limited extent, but is still grown some- 
what as an ornamental and an oddity. 


Sunrise 


See under K-Early above. 


Sunshine 
Fruit large, grapefruit-like, slightly subglobose 


to somewhat oblong; color pale orange; seedy. Flesh or- 
ange-colored; flavor acid. Maturity very late. 
Tree vigorous and upright. 


Of the same parentage as Pina, Minneola, 
and Seminole, Sunshine has not achieved com- 
mercial importance, but is said to be promising 
as a rootstock in Florida. 


Wekiwa (Pink tangelo) 


Fruit medium-small, spherical to obovate or pyri- 
form; color pale yellow; seeds comparatively few. Rind 
RE smooth, and fairly adherent; axis solid. 
Flesh tender, juicy; flavor sweet and mildly acid, becom- 
ing unpleasant when overripe. Under favorable condi- 





Fig. 4-64. Sampson tangelo, one of the oldest varieties 
and more like the grapefruit parent than the mandarin. 
Of very minor importance. (From Webber, 1943. ) 
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tions rind pink-blushed and flesh amber-pink. Early in 
maturity. 

Tree lacking in vigor but productive ; leaves small 
and rounded-oval. 


Wekiwa is a hybrid of grapefruit and 
Sampson tangelo and, therefore, is in reality a 
tangelolo. It has not achieved commercial impor- 
tance but is of interest as a novelty and because 
of its pink rind coloration. 

Orangelos.—If Chapot (1950a) is justified 
in his conclusion that certain so-called grapefruit 
varieties such as Imperial, Royal, and Triumph 
are in reality natural hybrids between the orange 
and grapefruit, they would obviously fall in the 
orangelo category. Since this view is not generally 
accepted and since such varieties differ so little, 
if at all, from the pure grapefruits, they have been 
included with the grapefruits. 

The fruit described below is considered 
by authorities familiar with it to be a natural 
orangelo. 


Chironja 


Fruit large (grapefruit size), broadly obovoid to 
pyriform; low neck or broad somewhat furrowed collar; 
few-seeded, seeds strongly polyembryonic. Rind medium- 
thin, smooth, modseatety adherent bit readily peelable; 
color bright yellow at maturity. Segments about 10; axis 
medium-large and semi-open. Flesh color yellowish-or- 
ange; tender, very juicy; flavor mild, lacking the bitterness 
of the grapefruit. Midseason in maturity and fruit holds 
well on tree. 

Tree vigorous, large, and grapefruit-like; leaves 
broadly winged, somewhat cupped, and margins irregu- 
larly undulate. Fruits usually borne singly rather than in 
clusters characteristic of grapefruit. 


Chironja recently came to notice in Puerto 
Rico and exhibits resemblances to both the or- 
ange and grapefruit, particularly to the latter. 
The name represents a combination of Chi(na), 
the local term used for the sweet orange, and 
(to)ronja, the Spanish word for grapefruit. 

According to Moscoso (1958), from whom 
the characterization above is adapted, this fruit 
first came to his attention in 1956 as a wild 
seedling tree in the mountainous Angeles and 
Caguanas rural section of Utuado municipality. 
Subsequently, however, other seedling trees were 
found in isolated areas of the coffee zone. The 
parentage of Chironja is unknown, but it is 
thought to be a natural orangelo of local origin. 
The fruit has attracted interest and limited quan- 
tities are available in the principal local market. 

Presumed Pummelo Hybrids.—Presumably 
largely because of its monoembryonic nature, nat- 
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Fig. 4-65. The Hassaku, a Japanese citrus fruit of lim- 
ited importance that appears to be a pummelo-mandarin 
hybrid. ( Photo by M. Nishiura. ) 


ural hybrids of the pummelo abound in the Orient 
and exhibit a remarkable diversity of characters. 
As might be expected, some of them have been 
found to possess desirable or acceptable qualities 
as fresh fruits and have come into commercial 
use. The most important of these appear to be 
the Natsudaidai and Hassaku in Japan and the 
so-called Poorman orange, Smooth Seville, and 
Wheeny grapefruit in Australia and New Zea- 
land. Of minor importance is the so-called Tiniura 
tangelo of New Zealand. 


Hassaku (Hassaku Mikan or Zabon) 
[C. hassaku Hort. ex Tanaka] (fig. 4-65) 


Fruit medium-large (9-10 cm in diameter), slight- 
ly oblate; both ends somewhat depressed; seedy and 
monoembryonic. Rind color orange-yellow; medium- 
thick; surface somewhat coarsely pebbled; moderately 
adherent. Segments numerous; axis large and semi-hollow 
at maturity. Flesh color light yellow; somewhat coarse- 
grained; lacking in juice; flavor good. Early midseason in 
maturity and stores only moderately well. 

Tree vigorous, upright, virtually thornless; leaves 
large and pummelo-like, but petiole wings narrower, ap- 
proaching sweet orange. 


Original from 
PENN STATE 


HORTICULTURAL VARIETIES 


Hassaku is said to have originated as a 
chance seedling in Hiroshima Prefecture, Japan. 
It was noted and named in 1860, but was not 
propagated and planted commercially until about 
1925. In 1964, Japanese planting was reportedly 
in excess of 2,500 acres, mostly in the prefecture 
of its origin. During the 1960's, however, it has 
been planted increasingly elsewhere. 

Its characteristic strongly suggest pumme- 
lo-mandarin parentage with pummelo predomi- 
nant. 


Kawano 


See under Natsudaidai below. 


Natsudaidai [C. natsudaidai Hayata] (fig. 4-66) 


Fruit medium to medium-large (grapefruit size), 
broadly obovate to oblate; sometimes with very short 
collared neck and apex slightly depressed; moderately 
seedy. Color yellowish orange. Rind medium-thick; sur- 
face coarsely pebbled, sometimes slightly rough; moder- 
ately adherent (peels readily). Segments fairly numerous 
(12); axis large and semi-hollow at maturity. Flavor acid 
and refreshing. Late in maturity (summer-maturing in 
most climates). Holds well on the tree and improves in 
storage. 

Tree vigorous and upright-spreading with few 
stout thorns; leaves large, dark green, and mandarin-like. 


The Natsudaidai tree is reported to be 
less cold resistant than the satsuma mandarin 
in Japan. Its behavior there and in the coastal 
regions of southern California indicates a heat 
requirement for fruit maturity somewhat less 
than that of the grapefruit and comparable with 
the so-called Poorman orange and Wheeny grape- 
fruit of New Zealand and Australia, both of which 
attain acceptable quality in climates too cool for 
satisfactory maturity of the grapefruit. Never- 
theless, even at full maturity the Natsudaidai 
remains too acid for some palates. 

The original seedling tree of this fruit is 
said to have been found in a garden in Yamaguchi 
Prefecture, Japan, toward the end of the 17th 
century and is reported still alive. The value of its 
late-ripening characteristic was not appreciated 
until approximately a century later and is re- 
flected in the names most commonly used for it 
(natsu means summer). Other names include nat- 
sumikan, natsukan, daidai mikan, and Japanese 
summer grapefruit or orange. 

Natsudaidai is extensively grown in the 
Japanese coastal regions of mildest winters and 
is currently second in importance only to the sat- 
suma mandarin. The Statistical Yearbook of the 
Japanese Ministry of Agriculture and Forestry 
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reports that the 1961 acreage was approximately 
28,000 with a production of about 173,000 tons, 
accounting for some 15 per cent of the total pro- 
duction of Japanese citrus fruits (see chap. 2, 
table 2-1, pp. 42-43). 

The Natsudaidai exhibits characters of the © 
pummelo or sour orange and the mandarin. In the 
writer's opinion, the evidence supports the con- 
clusion of Tanaka (1954, p. 91) that the pummelo 
is involved in its parentage. 

Numerous unnamed clones and selections 
are grown, some of which exhibit minor differ- 
ences, but only two derivative varieties—Kawano 
and Tajima—have been named and propagated 
commercially. The former differs appreciably 
from the common Natsudaidai only in the fact 
that the fruit is less acid (and hence sweeter), 
matures much earlier, and loses quality if held 
on the tree after maturity. It is said to have origi- 
nated as a limb sport in an orchard in Oita Pre- 
fecture about 1905 and was named and registered 
in 1950. It is currently recommended for planting 
in several districts. Tajima is a new and very 
juicy, late-ripening, high acid variety of much less 
importance, but considered to be promising. 





Fig. 4—66. The Natsudaidai or summer grapefruit, sec- 
ond most important citrus fruit in Japan. (Photo by C. P. 
North. ) 
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Morrison (Morrison Seedless) 
See under Poorman below. 


New Zealand 


See under Poorman below. 


Poorman (Poorman Orange, New Zealand 
Grapefruit) (fig. 4-67) 


Fruit medium-large, oblate to broadly obovate to 
nearly globose; seeds numerous but monoembryonic. 
Color pale orange-yellow at maturity (deeper than any of 
the grapefruits). Rind medium-thick with fairly rugose 
surface (somewhat more so than Wheeny). Flesh color 
yellowish-orange; coarse-textured, juicy; flavor pleasantly 
subacid with trace of bitterness. Very early in maturity 
(as compared to the grapefruits). Much earlier than 
Wheeny, but holds on tree exceptionally well without 
loss in quality. 

Tree vigorous, large, and prolific; leaves dark 
green, with petioles suggestive of mandarin or bitter 
orange rather than grapefruit. Most Australian selections 





Fig. 4-67. The Poorman Orange or New Zealand Grape- 
fruit. Of minor importance in Australia, but the leading 
citrus fruit in New Zealand. 
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and some in New Zealand exhibit a peculiar and distinc- 
tive bark condition, which in California appears to be 
associated with dwarfing. Surface of trunk and main limbs 
markedly a and grayish-black in color; dull-black 


streaks on smaller branches and twigs. 


Although obviously not an orange, the 
names Poorman Orange or Poorman are employed 
for this fruit in Australia, where it first came to 
notice. Since it most resembles the grapefruit in 
both appearance and use and is the citrus fruit 
most extensively grown in New Zealand, the pref- 
erable name for this interesting and distinctive 
fruit would appear to be New Zealand Grapefruit. 

A total heat requirement considerably 
lower than for any of the true grapefruits is indi- 
cated by the earlier maturity of Poorman and the 
fact that it ripens in New Zealand and parts of 
southern California where there is insufficient 
heat for any of the present grapefruit varieties. 

That Poorman originated in the Orient is 
suggested by Bowman’s statement (1956) that it 
was brought to Australia (presumably the fruit) 
from Shanghai by a Captain Simpson. The earli- 
est description of record, given in a New South 
Wales nursery catalogue of 1820, indicates that 
the original introduction might have been a shad- 
dock (pummelo); hence, the possibility exists that 
Poorman is of Australian origin. Since the seeds 
are monoembryonic, early references to the exist- 
ence of clones varying appreciably in fruit char- 
acteristics, and to the possibility of hybrid origin, 
are understandable. According to Bowman (1956), 
this fruit was taken to New Zealand by Sir George 
Grey, who established his home on Kawau Island 
about 1855. About 1861, Grey provided propaga- 
tion materials to John Morrison of Warkworth, for 
whom the clone currently most widely grown in 
New Zealand was named. 

ceases generally distributed and com- 
monly available in the markets, Poorman has not 
achieved much commercial importance in Austra- 
lia, presumably because of the availability of 
grapefruits. In New Zealand, however, where 
grapefruit does not succeed, under the name of 
New Zealand Grapefruit it has become the prin- 
cipal citrus fruit grown and currently comprises 
about 85 per cent of the so-called grapefruit 
acreage, the balance consisting of the low-heat- 
requiring Wheeny variety. The 1962-63 crop of 
167,000 bushels (40-Ib) is said to have accounted 
for 55 per cent of the total citrus production in 
New Zealand. While principally used as a break- 
fast fruit, the juice is also canned and the imma- 
ture fruits are extensively used for marmalade 
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Fig. 4—68. Smooth Seville orange, an old Australian va- 
riety that somewhat resembles Poorman. ( Photo by E. C. 
Levitt. ) 


purposes. Morrison (Morrison Seedless) is con- 
sidered to be the best clone. It is seedless, how- 
ever, only in the absence of cross-pollination. 

Almost certainly Poorman is a pummelo 
hybrid and probably a natural tangelo. The fruit 
has some resemblance to the Attani of India and 
the Natsudaidai and Asahikun of Japan. 


Smooth Seville (Smooth Flat Seville) (fig. 4-68) 


Fruit similar to Poorman in size, form, and flavor, 
but rind surface very smooth; both rind and flesh color 
reddish-orange; seeds exhibit low polyembryony (usually 
one, occasionally two embryos). 

Tree and foliage similar to Poorman but tree com- 
monly more vigorous and larger. Younger branches also 
exhibit dark bark streaks characteristic of Poorman. Dis- 
tinctive rough bark condition on trunk and main branches 
which affects some Poorman selections not observed so 
far on Smooth Seville trees.!9 


This is an old Australian fruit that is 
thought to have originated as a seedling of un- 
known parentage and has generally been regarded 
as a sweet orange and grapefruit hybrid. Its age 
and numerous resemblances to Poorman, how- 
ever, suggest that it may be of similar origin and 
possibly a sister seedling. 

Like Poorman, Smooth Seville has a lower 
heat requirement for maturity than the grapefruit 
and hence ripens earlier and serves as a satisfac- 
tory substitute. 


Tajima 
See under Natsudaidai (p. 549). 
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Wheeny (Wheeny Grapefruit) (fig. 4-69) 


Fruit large, oblate or very broadly obovate to glo- 
bose; both ends depressed, with small radially-furrowed 
basal cavity and broad, shallow apical basin; moderately 
seedy but monoembryonic. Color pale to light yellow. 
Rind medium-thin with moderately rugose surface (not 
smooth as are most grapefruits). Flesh straw-colored; 
coarse textured but very juicy; flavor good but acid (vir- 
tually indistinguishable from some grapefruits). Medium- 
early in maturity (as compared to the true grapefruits). 

Tree vigorous, spreading, large, and productive 
with tendency to alternation in bearing. Leaves longer 
and more pointed than most grapefruits and somewhat 
bullate (puckered), with comparatively narrow petiole 
wings. 


A lower total heat requirement than for 
grapefruit is indicated by the fact that in both 
New Zealand and coastal southern California 
Wheeny ripens satisfactorily in climates too cool 
for any of the true grapefruits. Under conditions 
favorable to grapefruit, it matures earlier and de- 
velops quality equal or superior to many grape- 
fruit varieties. 

This variety originated as a chance seed- 
ling at Wheeny Creek near Kurrajong, New South 
Wales, Australia, and was named by R. J. Benton, 
government citrus specialist. It is of principal im- 
portance in New Zealand, however, where it was 
introduced about 1935 and now constitutes about 
15 per cent of the so-called grapefruit acreage, 
the balance being provided by the New Zealand 
Grapefruit or Poorman Orange. Under heat-defi- 
cient climatic conditions in Australia and New 
Zealand, Wheeny is a summer-maturing variety. 

While the fruit is grapefruit-like in most 
respects, the monoembryonic nature of the seeds 
and some of the other characters suggest that it 
is probably a pit hybrid. 

Pummelo-like Fruits of Minor Importance. 
Of limited commercial importance in Japan are 
several other pummelo-like fruits either known 
or thought to have originated as chance seedlings. 
Among them are the following: 

Banékan [C. grandis var. banokan Tan.]— 
A medium-large, yellow, oblate to subglobose, 
thick-rinded, juicy, subacid fruit of good flavor 
and late maturity. Both tree and fruit are very 
much like pummelo. 

Hytiganatsu [C. tamurana Tan.|—A me- 
dium-sized, light yellow, globose to oblong, juicy, 
sweet-flavored, moderately seedy, Jate-ripening 
fruit which requires cross-pollination. 

Kinkdji [C. sbieceitea Takahashi]—A me- 
dium-small, yellowish-orange, subglobose to obo- 


19 Letter to the writer from E. C. Levitt, dated September 24, 1963. 
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Fig. 4-69. Wheeny grapefruit, an Australian variety— 
probably a pummelo hybrid—of considerable importance 
in New Zealand. ( Photo by C. P. North. ) 


void, pleasantly flavored fruit of medium-late 
maturity and with highly polyembryonic seeds. 
An old fruit of unknown origin, but apparently 
a pummelo-mandarin hybrid. 

Kinukawa [C. glaberrima Tan.]—A me- 
dium-sized, bright yellow, oblate to globose, juicy, 
sweet-flavored pummelo-like fruit of midseason 
maturity. Monoembryonic. 

Not commercially important but of interest 
in the category of pummelo-like fruits are the 
Asahikan (C. asahikan Tan.) of Japan and the 
Attani (C. rugulosa Tan.) of India. 


COMMON ACID MEMBERS—CITRON, 
LEMON, AND LIME 


That the citrons, lemons, and limes con- 
stitute a natural group is indicated by the dis- 
tinctive characters they possess in common and 
their numerous resemblances. Indeed, the earlier 
botanists, almost without exception, placed them 
in the same species and considered the lemon 
and lime to be botanical varieties. The most dis- 
tinctive fruit characters of the acid members are 
high acidity (all three have sweet or acidless 
forms, however) and an oval to elliptical shape 
with areolar mammilla or nipple (sometimes sup- 
pressed, however). All are more or less everflow- 
ering, everbearing, and highly sensitive to cold. 
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The differences the acid members exhibit 
are so numerous and striking, however, that they 
have long since been separated into species. In- 
deed, the limes are generally considered to com- 
prise several species. 

In comparison, therefore, this natural group 
exhibits a much wider range of variation than 
any other citrus group. Thus, the citron is among 
the largest and, because of its very thick and 
dense rind, is the heaviest of all citrus fruits, 
whereas the Indian sour lime is among the small- 
est and thinnest-skinned. On the other hand, the 
citron plant is a thick-stemmed shrub or small 
tree with large elliptical, nearly round-pointed 
leaves, while the Indian sour lime is a good- 
sized, fine-stemmed tree with very small lanceo- 
late, sharp-pointed leaves. The lemons and some 
of the limes are intermediate between these ex- 
tremes. Finally, the citrons are monoembryonic, 
the lemons only slightly polyembryonic, and some 
of the limes highly polyembryonic. 

In northeastern India and adjoining por- 
tions of their general area of origin, natural hy- 
brids with characters of the citron or lemon are 
common and there can be little doubt that they 
have contributed to the list of distinctive and 
little-known Indian fruits (Hodgson, Singh, and 
Singh, 1963). Among those fruits in which citron 
characters are discernible are the amilbed and 
sadaphal and among those in which lemon char- 
acters are evident are the galgal and jambhiri or 
jamberi. Citron-like fruits of the Western World 
include the lumias of the Mediterranean and the 
so-called Ponderosa lemon and Cuban shaddock. 

Lemon varieties in which citron characters 
are discernible have long been known and in- 
clude the pat nebu, Nepali Oblong or Assam 
and others of India, Interdonato of Italy, and San 
Jeronimo of Portugal. Lemon-lime hybrids are 
represented by the Perrine lemonime of Florida. 


Citron (Citrus medica L.) 


The citron is the cedro or cedrone of Italy, 
cidra or poncil of Spain, cedrat of France, and 
bushukon of Japan. Unfortunately, the fact that 
the modern French word for lemon is citron has 
led to considerable confusion and ambiguity in 
the literature. 

That this fruit probably had its origin in 
northeastern India and adjoining areas is sug- 
gested from the facts that it is found growing 
wild in parts of that region and that natural hy- 
brids in which its characters appear are abundant 
there. It seems early to have spread to Media 
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and Persia where it became known to the Greeks 
and somewhat later to the Romans, who consid- 
ered it to be indigenous there and called it the 
Persian or Median apple (from which its species 
designation was derived). It must have reached 
the Holy Land not long thereafter. Most Jewish 
scholars agree that the hadar or “goodly fruit” of 
the Bible (Lev. 23:40) is the citron, which, if true, 
would date its earliest reference in the Holy Land 
to the thirteen century B.c. (see chap 1, p. 4). 

There can be little doubt that the citron 
was the first citrus fruit brought under cultivation 
and the first to reach the Mediterranean and to 
become known to Europeans (Tolkowsky, 1938). 
Evidence indicates that it was introduced into 
Italy in the first century (see chap. 1, p. 5). 
Like most of the other citrus fruits, it was taken 
to the West Indies and to Brazil soon after the 
discovery of the New World. It was early brought 
to California from Mexico by the Spanish Mission 
fathers (Butterfield, 1963). 

The citron is highly distinctive in both 
plant and fruit characteristics. The plant is a 
comparatively short-lived, thick-stemmed, strag- 
gly growing, thorny shrub or small tree with light 
gray bark and relatively soft wood. It is highly 
sensitive to frost injury and recovers slowly, if 
at all. The leaves are large, oval to oblong, with 
rumpled blades and serrate margins, and short, 
wingless petioles not visibly articulated with the 
blades. The flowers are large, purple-tinged or 
not, with a variable and often high proportion 
male (by pistil abortion), and are produced 
throughout the year. The fruits are large to very 
large and of variable form, but usually oblong 
and blunt-pointed, with pronounced mammilla 
and often with persistent style. The yellow rind 
is very thick, fleshy, and tightly adherent (cannot 
be peeled by hand because the carpellary mem- 
branes are separated by albedo tissue, fig. 4-70). 
The rind has a smooth but often bumpy surface. 
The rind oil is pleasantly aromatic. The flesh is 
small in amount, firm, and lacking in juice. The 
juice is either acid or sweet. The seeds are nu- 
merous, monoembryonic, and distinctive in form, 
with a pronounced beak and white cotyledons. 

Since the fruit is virtually inedible and 
neither tree nor fruit is particularly ornamental, 
the question is often raised as to why the ancient 
Greeks and Romans held the citron in such high 
esteem as indicated in their early literature. It 
would appear that the reasons were that the fra- 
grance of the fruit is delicate, penetrating, and 
lasting, and it was the only citrus fruit with which 


Digitized by (501 gle 


553 





Fig. 4-70. Diamante (above) and Corsican (below ) cit- 
rons in median cross section. It will be noted that the car- 
pels are separated by albedo tissue. (From Webber, 1943. ) 


the Romans were acquainted. For many centuries 
its main use seems to have been as a perfumant 
and moth repellant. 

Much later, when sugar became available, 
there developed the utilization on which the 
present commercial industry is based—candying 
of the peel. In candying, the fruits are cut into 
halves, and the pulp is removed. The halves are 
placed in brine (commonly sea water) for a 
month or thereabouts, during which a fermenta- 
tion occurs. The halves are then removed, washed, 
and held in a somewhat stronger brine until used 
for candying. The fruit is commonly exported in 
brine to buyers in the markets where it is to be 
candied, which are principally in France, Great 
Britain, and the United States. The candied peel 
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is an essential constituent in certain cakes and 
confections. 

Much the oldest use of the citron, although 
obviously highly limited, is that previously men- 
tioned, namely, in connection with the orthodox 
observance of the Jewish Feast of Tabernacles 
(Succoth). The Etrog or Ethrog required in the 
ceremonies is a small but relatively mature citron 
which, according to Chapot (1950b), must be 
fresh (not preserved), clean, without defects such 
as wounds or scars, and symmetrical with a per- 
sistent style. The Etrog must also come from a 
tree which has not been grafted (cutting or seed- 
ling). While there is an Etrog variety (see p. 
559), any citron fruit which meets these require- 
ments is said to be acceptable. Such fruits are 
often expensive. 

Because of its sensitivity to frost and heat 
injury, the commercial culture of citron is re- 
stricted to regions where the winters are mild 
and summer temperatures are not excessively 
high. Because of the premium received for un- 
blemished fruits, it is especially subject to loss of 
quality from wind damage. The Mediterranean 
areas where these requirements are best met 
consist primarily of the southern portion of the 
Italian and Grecian peninsulas and nearby islands. 
Thus, the principal citron-producing countries 
are France (Corsica), Italy (Calabria, Sicily, and 
Sardinia), and Greece (mainly Crete and other 
islands), although small quantities are produced 
elsewhere. Corsica is said to account for about 
a third of the world supply, and total plantings 
in Italy are currently estimated at about 3,000 
acres. 

The citron has been successfully grown 
and processed in southern California, but its cul- 
ture has not persisted because of inability to 
withstand competition from the Mediterranean. 

Citron culture as practiced in the Medi- 
terranean area exhibits several features of spe- 
cial interest to horticulturists: (1) it is largely 
located on relatively steep, terraced slopes; (2) the 
trees are mainly propagated from cuttings; and 
(3) protection against frost and prevention against 
wind injury are commonly provided by means 
of a pole framework on which straw matting is 
fastened during the winter and to which the 
branches of the trees are tied to prevent break- 
age and injury to the fruit from swaying under 
wind action. 

While the citron exhibits a wide range in 
fruit size and form, including the famous fingered 
citron (fig. 4-71) of the Orient, all varieties ap- 
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Fig. 4-71. The famous fingered or Buddha’s Hand cit- 
ron of the Orient. (Photo by H. Chapot. ) 


pear to fall into two natural groups—the acid or 
sour citrons and the acidless sweet citrons. The 
former are distinguished by flowers that are pur- 
ple in the bud and purple-tinged when open, 
pink-colored new shoot growth, acid pulp, and 
seeds with a dark-colored inner seed coat and 
chalazal spot. In contrast, neither flowers nor 
shoot growth of the sweet citrons exhibit pink 
coloration, the pulp is lacking in acid and hence 
sweet, and the inner seed coat is colorless and 
the chalazal spot light yellow. 


Major Acid Citron Varieties—The Dia- 
monte and the Etrog are the two acid citron va- 
rieties of greatest significance. They are described 
below. 

Atrog 
See under Etrog (p. 555). 


Cedro Liscio 
See under Diamante below. 


Diamante (Cedro Liscio) (figs. 4-7 and 4-72) 


Fruit large, long-oval to ellipsoid; basal cavity 
furrowed and surrounded by low collar; apex broadly 
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Fig. 4-72. Diamante, the leading Italian citron variety. 
(From Webber, 1943. ) 


nippled; and seedy. Color lemon-yellow at maturity. Rind 
very thick and fleshy; surface smooth and sometimes 
indistinctly lobed or ribbed. Flesh crisp; lacking in juice, 
but acid, like lemon. 


Tree small, open and spreading, medium-thorny 
with some large, stout spines; buds, flowers, and new 


growth purple-tinted. 


Presumably of local though unknown ori- 
gin, Diamante is the principal variety of Italy 
and according to Casella (1928) is considered to 
be the best. It was introduced into the United 
States in 1898. Italian and Sicilian are California 
introductions that are similar to Diamante. 


Ethrog 
See under Etrog below. 


Etrog (Atrog, Ethrog) 


Fruit medium-small, ellipsoid to fusiform or 
lemon-shaped; commonly with fairly distinct neck and 
prominent apical nipple; frequently with persistent style; 
seedy. Lemon-yellow at maturity. Rind thick and fleshy; 
surface slightly ribbed, somewhat rough, and bumpy. 
Flesh crisp and firm; low in juice content; flavor acid. 

Tree smaller and less vigorous and productive 
than most citrons; leaves more round-pointed and down- 
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ward cupped. Flower buds, flowers, and new growth 
purple-tinted. 

Under the name of Etrog and its syno- 
nyms, at least two introductions from Palestine 
have been received in the United States which 
correspond with the above general characteriza- 
tion, although there are minor differences. They 
are evidently selections made for ritual purposes, 
though, as previously mentioned, any citron fruit 
that meets the specified requirements is accept- 
able. In neither has the per cent of persistent 
styles been above average. 

Jericho Ethrog is said to be currently the 
most widely planted citron in Israel and is char- 
acterized by relatively small fruit size, oval shape, 
and deeply corrugated rind surface. It is reported 
to be of local origin and to reproduce true to 
type from seed even though monoembryonic, in 
which respect it is similar to several of the United 
States introductions. 

From the materials available in California, 
there appears to be little justification for Swin- 
gle’s classification of this fruit as the botanical 
variety ethrog (see chap. 3, p. 372). 


Italian 


See under Diamante (p. 554). 


Jericho 

See under Etrog above. 
Sicilian 

See under Diamante (p. 554). 


Minor Acid Citron Varieties.—While there 
are a number of varieties of the acid citron group, 
only two of these were considered sufficiently 
important in judging the literature to warrant 
specific description in the previous subsection. 
Some of the better known minor varieties are 
briefly discussed below. 

Poncire is doubtless the oldest known cit- 
ron variety for it was described by Risso and 
Poiteau (1818-1822). The word poncire is from 
an old dialect of southern France (Provence) and 
means Syrian apple. Saigon is reported in Algeria 
and Morocco and to judge from the name must 
have been introduced from Indo-China. Earle, 
described and named by Webber (1943), closely 
resembles Diamante. It was introduced from 
Cuba in 1914 and named for the owner of the 
orchard from which it was selected. China (Chi- 
nese or China lemon) is a small-leafed citron, the 
fruits of which are also small, lemon-shaped, 


556 
i 
f ~ 
P a 
5 ne 
? a 
* Se A * =, 
~~ -% 
~ : 3 
' Je : &. ~~ ra 
ae F 320% 
£9 feo 
i - Bi nf Ss / 
' "oe, wh » } 
k ey 4 “a 
¥ ’ y , 
\ ré ~ 7 - ’ 
J 
¥ “ J 
\ j 
y 4 
iv 


THE CITRUS INDUSTRY 





Fig. 4-73. Corsican, the principal French citron variety. (From Webber, 1943. ) 


roughly corrugated, and worthless. Supposedly 
from China, it was employed as a rootstock in 
the early history of the citrus industry in Cali- 
fornia but was soon found unsuitable and aban- 
doned. 

A most unusual and interesting citron is 
the fingered or Buddha’s Hand citron (fig. 4-71) 
of the Orient (bushukan of Japan), where it has 
been prized for centuries, especially in Indo- 
China, China and Japan. As the name indicates, 
the fruit is apically split into a number of finger- 
like sections, somewhat resembling a human hand. 
There appear to be two clones—one in which all 
the fruits are deeply fingered and lacking in flesh 
development and seeds, the other in which only 
part of the fruits are fingered and the rest are 
corrugated, lacking in flesh, and contain seeds 
hanging free in the locules. Both are typical acid 
citrons in all other respects and would seem to 
constitute clonal varieties rather than the botani- 
cal variety sarcodactylis as they are classified by 
Swingle (see chap. 3, p. 372). 
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Sweet Citron Varieties.—The only widely- 
grown sweet citron variety is the Corsican, which 
is described below. The literature does not dis- 
close other sweet-fruited varieties of general dis- 
tribution. That there are some varieties of local 
importance is indicated by Chapot (1950b and 
1962a), who described two of Moroccan origin: 
Assads and M’Guergueb. The California intro- 
duction Dulcia, the fruit of which is smaller than 
the Corsican and almost flat, is another variety 
in this local category. 


Citron of Commerce 
See under Corsican below. 


Corsican (fig. 4-70 and 4-73) 


Fruit large, ellipsoid to very slightly obovate; 
basal area slightly depressed and sadially furrowed; apical 
nipple suppressed or indistinct (less prominent than in 
Diamante); seedy. Color lemon-yellow. Rind very thick 
and fleshy; surface rather rough, bumpy, and commonly 
somewhat ribbed. Flesh crisp and solid; lacking in juice; 
flavor sweet (without acid). 

Tree small, open and spreading; medium-thorny 
with some large, stout spines (very much like Diamante); 
buds, flowers and new growth not purple-tinted. 
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This variety is said to be the best and most 
important citron in Corsica and presumably origi- 
nated there, although its history is unknown. It 
was introduced into the United States about 1891 
and distributed under the name Corsican. Citron 
of Commerce in California is indistinguishable. 

Fruits Resembling the Citron.—There are 
numerous fruits in which citron characters are 
strongly pronounced. The lumias of the Mediter- 
ranean basin are natural hybrids in which acid 
citron or lemon and pummelo characters are 
evident. According to Chapot (1950a), they are 
characterized by fruits of large size, commonly 
somewhat pyriform, with highly acid flesh of 
greenish color, large purple-tinged flowers, and 
young shoot growth both pubescent and purple- 
tinted. Chapot states that the principal clonal 
varieties are Poire du Commandeur, Citron de 
Borneo (Chapot, 1964d), and Pomme d’Adam. 
They are of ancient and unknown origin, pre- 
sumably Italian, and are grown only as curiosities 
or ornamentals. 

The giant-fruited Sui Khar citron of Pun- 
jab State (Hodgson, Singh and Singh, 1963), the 
Kabbad citron of Damascus (Chapot, 1963f), and 
the yemmakaipuli of Coorg (India) also appear 
to fall in this group. 

Only two of the fruits resembling the cit- 
ron, however, are of sufficient importance or in- 
terest, to warrant specific descriptions. These are 
the so-called Cuban shaddock and the Ponderosa 
lemon. 


American Wonder 


See under Ponderosa below. 


Cuban (Cuban Shaddock or Lemon) 


Fruit large to very large, globose to obovate; 
color depressed and deeply furrowed at base; apex 
rounded or depressed, but sometimes with low and indlis- 
tinct nipple; seeds numerous. Color lemon-yellow at ma- 
turity. Rind thick and spongy; surface rough, bumpy, and 
commonly somewhat Fad Flesh color yellowish- 
green; coarse-textured, juicy; flavor acid. 

Tree vigorous, upright, spreading, large, thorny, 
and producive; foliage dense. Leaves large, oblong-elliptic, 
and blunt-pointed. Flowers and new growth not purple- 
tinted. Tree sensitive to cold. 


While the Cuban shaddock somewhat re- 
sembles the pummelo in appearance, most of the 
characters are those of the citron or lemon. As 
the name suggests, this fruit was introduced from 
Cuba, where it is referred to as a shaddock and 
for a time was recommended as a rootstock. It 
remains only a horticultural curiosity. 
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Fig. 4-74. Ponderosa lemon, a lemon-like fruit of orna: 
mental value that originated in the United States. ( Photo 
by C. P. North. ) 


Ponderosa (Ponderosa Lemon, Wonder, 
American Wonder) (fig. 4-74) 

Fruit medium-large, obovoid; collar radially 
ribbed or furrowed or short neck and low broad apical 
nipple; color lemon-yellow; seedy and monoembryonic. 
Rind medium-thick and fleshy; surface smooth, but slightly 
bumpy and indistinctly ribbed. Flesh color pale green; 
juicy; flavor acid. Fruits mature throughout year. 

Tree small, round-topped, and productive; 
branches medium-thick and thorny; leaves large elliptical 
to oblong and citron-like. Flowers and new growth purple- 
tinged. Everflowering. Tree sensitive to cold. 


Both fruit and plant are clearly citron in 
most respects, and there can be little doubt that 
Ponderosa is a hybrid between citron and lemon. 
According to Webber (1943), this variety origi- 
nated about 1887 as a chance seedling (presuma- 
bly of lemon) grown by George Bowman of 
Hagerstown, Maryland, and was named and in- 
troduced to the nursery trade in 1900. If this 
account is accurate, the fruit from which the 
seed was obtained must have been of Italian 
origin. 

Ponderosa is of importance primarily as 
an oddity and ornamental, although the fruit can 
be used as a lemon substitute. It is used some- 
what as a tubbed plant in patios but most com- 
monly as a dooryard ornamental in California and 
Florida. 


Wonder 


See under Ponderosa above. 
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Lemon (Citrus limon [L.] Burm. f) 


The lemon is the limone of Italy, the limon 
of Spain, and the citron of France. The fact that 
the French name is the same as the English name 
for a quite different, closely related fruit has led 
to both confusion and ambiguity in the literature. 


The lemon must have originated in the 
eastern Himalayan region of India and adjoining 
areas, also the home of the citron, for natural 
hybrids with citron and lemon characters are 
abundant there. Indeed, most of the lemon-like 
fruits of India exhibit citron characters to some 
degree. It is an interesting fact, however, that 
lemons of the common Mediterranean type have 
not been found growing wild in any part of that 
region or elsewhere. For reasons that are not 
clear, possibly its more recent origin, the lemon 
as we know it seems to have spread to the Medi- 
terranean and reached Europe much later than 
the citron (see chap 1, p. 6). 

From archeological evidence, Tolkowsky 
(1938) has concluded that the lemon reached 
Italy by the end of the second century and was 
among the fruits taken by the Arabs to Spain 
prior to 1150 a.p. (see chap. 1, p. 9). It is clear 
that the Arabs took the lemon to the Mediter- 


ranean and across North Africa to Spain, for 


Arab writers of the twelfth century mention it as 
among the citrus fruits grown there at that time. 
It is also certain that the Crusaders took it from 
Palestine to southern Europe, Italy in particular, 
not long thereafter. It is known that the lemon 
was among the fruits taken to the New World by 
Columbus on his second voyage in 1493. 

The lemon tree is vigorous, upright-spread- 
ing, and open in growth habit. It attains large 
size under favorable conditions if not controlled 
by pruning. Seedlings and most varieties are com- 
paratively thorny, with relatively short and slen- 
der spines. The light-green leaves are lanceolate 
in form with short, wing-margined petioles. The 
flowers, which occur in clusters produced through- 
out the year, are large and purple-tinged in the 
bud and on the lower surface of the petals. Many 
are sterile because of pistil abortion, which varies 
greatly from bloom to bloom and season to sea- 
son. The new shoot growth is purple-tinted. 


The fruit characteristics are so well known 
as scarcely to require description. Mention should 
be made, however, of the distinctive form and 
apical mammilla or nipple, the tight adherence of 
the highly fragrant rind, and the high acidity 
of the pale, straw-colored flesh. 
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Although more resistant than the citron 
and limes to cold and heat, the lemon is much 
more sensitive than the other citrus fruits of 
major importance, and hence its commercial cul- 
ture is restricted to subtropical regions of mild 
winter temperatures. Relatively equable growing- 
season temperatures are advantageous in that 
they seem to emphasize the ever-flowering ten- 
dency and are favorable for fruit-setting. As a 
consequence, the seasonal distribution of the 
crop is such as to provide the maximum output 
during late spring and summer, when prices are 
normally high and there is a minimum storage 
requirement. Thus, in regions characterized by 
mild winters and cool equable summers, market- 
able fruit is available throughout the year with 
a minimum requirement for frost-protection and 
fruit storage, both of which are expensive. These 
facts serve to explain why, with minor exceptions, 
the principal commercial lemon-producing areas 
of the world are in coastal locations of southern 
California, Sicily, Greece, and Spain. By contrast, 
the picking season generally in interior districts 
is shorter and a much ag a percentage of the 
crops come during the fall and winter, when 
prices are usually lower and longer storage is 
required for the summer markets. On the other 
hand, the fall and winter fruit ships and stores 
well and is higher in acid content. 


Lemons are little grown in semitropical 
and tropical regions. In such regions, the sour 
lime is better adapted to both heat and humidity 
and is generally preferred. In addition, lemon 
size is undesirably large in relation to market 
demand, rind diseases are prevalent, and storage 
is difficult and expensive. If economically justifi- 
able, however, it may be horticulturally prac- 
ticable to produce lemons for processing purposes 
in such climates. 


The fact that the lemon is grown pri- 
marily for the acid it contains, a constituent 
which is at its maximum prior to the attainment 
of horticultural maturity, affords possibilities in 
fruit-handling which have found numerous and 
important applications in practice. Indeed, de- 
velopment and utilization of such handling meth- 
ods are largely responsible for the success of the 
California industry in supplying the needs of 
North America and invading the highly competi- 
tive markets of Europe. Specialized handling 
methods perfected in California include: 


1. Picking according to fruit size rather 
than maturity. 
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2. Maturity grading by means of separa- 
tion according to color. 


3. Curing of fruit prior to packing. 
4. Regulated and controlled storage. 


At each picking, all fruit which will not 
pass through a metal ring of predetermined di- 
ameter is harvested irrespective of maturity. By 
far the greater part of the crop is therefore imma- 
ture and of maximum acid content and storage 
life when picked. 

Accurate separation of fruit into color 
grades is perhaps the most important single op- 
eration in the packing house, for it determines 
the curing possibilities and storage life of the 
fruit. Four color grades are usually made—from 
“tree ripe” (yellow) with a storage life of a few 
weeks only (generally sent direct to the process- 
ing plant), through “silver” (yellowish-green) and 
“light green” to “dark green,” with a commercial 
storage life of six months or more. 

Since freshly picked lemons are mostly 
immature, they are firm and turgid and the rinds 
are thick and fleshy. They are therefore highly 
sensitive to injury, resulting in rind spotting or 
decay. Indeed, lemons should not be picked in 
early morning when they are at a maximum tur- 
gidity or when there is water on the fruit, for 
the escape of rind oil during handling may cause 
rind injury followed by spotting. During storage, 
however, the rind loses moisture, thins down, 
and becomes tough, leathery, and markedly re- 
sistant to injuries from handling operations. Such 
changes, usually associated with the development 
or intensification of the yellow color, constitute 
the “curing” process, which greatly improves the 
appearance of the fruit and contributes to suc- 
cessful long-distance shipment. 

Curing proceeds slowly at the usual stor- 
age temperatures of 55° F to 60° F and relative 
humidities of 75 to 85 per cent, but it is normally 
completed long before the fruit is packed and 
shipped. Curing can be markedly accelerated, 
however, by raising the temperature and adding 
ethylene gas in dilute concentration to the stor- 
age atmosphere, thus converting highly imma- 
ture, dark green fruit to an attractive, salable 
product in a matter of weeks. 

The use of regulated or controlled storage 
and the availability of means for accelerating 
curing—all prior to packing—provide the flexi- 
bility in packinghouse operations necessary for 
successful adjustment between the highly varia- 
ble and uncontrollable receipt of fruit from the 
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orchards and the even more variable and uncon- 
trollable market demand. 

California’s highly important handling 
practices, supplemented by the more recent de- 
velopment of treatment of the fruit with 2,4-D 
to reduce the tendency to abscission of the “but- 
tons” (fruit calyces) during curing and the use 
of gibberellin sprays to retard the maturity of the 
fruit, are almost unique in the lemon industry. 

The most unusual orchard management 
practice in lemon culture is the forcing or ver- 
delli (summer lemons) treatment which has been 
employed in Sicily for many decades. Its purpose 
is to materially accentuate the late summer bloom 
(August-September) and thus increase the crop, 
which matures the following summer when prices 
are normally high. This is accomplished by with- 
holding irrigation during the summer (June-July) 
until the trees have wilted, followed by an appli- 
cation of nitrogenous fertilizer and renewal of 
irrigation. If the trees have been sufficiently 
stressed, the result is a greatly. increased late 
summer bloom and a summer or verdelli crop the 
following year and a reduced winter crop. A 
deeper than average cultivation is sometimes em- 
ployed to supplement the suspension of irrigation. 
Unless carefully controlled, this practice is harm- 
ful. For this reason, it is usually employed on a 
rotational basis, every other year or every third 
year. A somewhat similar treatment is used for 
the production of summer sour limes in the 
Faiyim oasis of Egypt and for the control of 
the blossoming of oranges and mandarins in cen- 
tral and southern India. 

The lemon is still used primarily as a fresh 
fruit, although in the United States the trend of 
shipment to the markets has been downward 
for some years past. Likewise, the per capita 
consumption of lemons in all forms ae slowly 
declined. The principal fresh fruit uses of the 
lemon are for the race of lemonade, as a gar- 
nish for fish and meats, and for a wide variety 
of culinary preparations—pies, cakes, ices, and 
the like—and as flavoring for candies, jellies, jams, 
and marmalades. Lemon juice is the principal 
product, of course, and its preparation in various 
forms—fresh and preserved, bottled, canned, and 
concentrated—has expanded greatly in recent 
decades. The product which has enjoyed the 
greatest success is canned frozen lemonade con- 
centrate. Lemon juice is also widely used in the 
preparation of proprietary soft drinks, generally 
bottled but sometimes canned. Lemon juice 
possesses special dietetic and medicinal values 
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associated with its vitamin content and even en- 
joys certain cosmetic uses. In general, these latter 
uses require comparatively little fruit or juice. 

The principal byproducts obtained from 
the fruit are citric acid from the juice and pectin 
and lemon oil from the rind. Pectin and lemon 
oil are currently of principal importance, because 
of the competition to citric acid from the juice 
provided by synthetic citric acid produced by 
controlled sugar fermentation, and have found 
a wide variety of industrial, culinary, and cos- 
metic uses. A number of pharmaceutical products 
using the lemon have also been developed. In 
California, however, the value of the return from 
byproducts has rarely, if ever, equalled the cost 
of fruit production. 

It seems likely that lemon culture will 
continue to decrease in relative importance in 
the citricultural world for the following reasons: 
(1) the lemon is not palatable as a fresh fruit; 
(2) its principal constituent, citric acid, can be 
produced synthetically at low cost; and (3) the 
returns from byproducts rarely equal the produc- 
tion cost of the raw material. 

Commercial lemon culture developed first 
in Italy, mainly in Sicily, and until a few decades 
ago that country led in production. Steady and 
rapid increase in California, however, and a 
marked decrease in Italy because of the mal 
secco disease put the United States in the lead 
shortly before World War II. In 1961-62, the 
California and Arizona crop was approximately 
16.7 million boxes (76-lb) in comparison with 
14.3 million boxes in Italy. Acreage in California 
decreased by 23 per cent (11,500 acres) in the 
decade ending in 1964. With both acreage and 
production increasing in Sicily, Italy had regained 
the leading position by the 1964-65 season. The 
United States and Italy accounted for about 
three-fourths of the world crop of 48 million 
boxes in 1965. Spain, Greece and Argentina each 
produced from 2 to 3 million boxes and Turkey, 
Lebanon, and Chile exceeded 1 million boxes. 
There is some commercial production in virtually 
all of the other Mediterraneon countries and also 
in Australia and South Africa. 

With respect to description and identifi- 
cation, the lemon presents especially difficult 
problems. Not only is the fruit from a given 
bloom highly variable in its characteristics but, 
as pointed out elsewhere, the fruit from different 
blooms commonly exhibits greater differences 
than those which occur between varieties in the 
same bloom. Insofar as fruit characters are con- 
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cerned, the varieties grown in California and 
many of those in the Mediterranean basin are 
remarkably alike, if not identical. The principal 
exceptions are those, such as Interdonato of Italy 
and a few others, which are citron-like in certain 
characters and presumably of hybrid origin, and 
Arancino and Lunario of Italy and a few others 
of distinctive form. Finally, the rind characteris- 
tics of the immature fresh lemon are materially 
modified during curing and storage. As a conse- 
quence, for many if not most varieties, it is diffi- 
cult to prepare accurate and meaningful fruit 
descriptions and virtually impossible to identify 
them from the fruits alone. 

Fortunately, however, the tree characteris- 
tics commonly exhibit greater differences than do 
the fruits and hence are useful in both description 
and identification. Thus, the Lisbon tree in Cali- 
fornia is characterized by maximum growth vigor, 
thorniness, density of foliage, size, cold resist- 
ance, and production of a crop mainly in winter 
and spring. By contrast the Eureka tree is con- 
siderably less vigorous, virtually thornless, less 
densely foliated, much smaller, markedly less 
cold-resistant, and less productive but more ever- 
bearing. The bulk of the Eureka crop is pro- 
duced in spring and summer. The Eureka variety 
also has a marked tendency to produce the fruit 
in terminal clusters (fig. 4-75). The characteris- 





Fig. 4-75. An exceptionally large terminal cluster (13 
fruits) of Eureka lemons. 
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Fig. 4-76. Berna or Vernia, the principal lemon variety 
of Spain. ( Photo by H. Chapot. ) 


tics of the Villafranca tree are intermediate be- 
tween these two extremes though somewhat closer 
to Lisbon. In California, therefore, where the 
clones presently employed virtually all trace back 
to these three varieties, tree characteristics are 
much more important in description and more 
useful in identification than fruit characters. 

All of those fruits that may be considered 
true lemons fall into two natural groups: the com- 
mon or acid lemons and the sweet or low-acid 
lemons. Both groups are characterized by purple 
coloration in the flower buds, new shoot growth, 
and chalazal spots. 

Pink-fleshed bud sports are known to have 
occurred in the acid lemon group, but the writer 
has been unable to discover any that have been 
named and propagated commercially. 

While some authorities would include the 
distinctive limettas of the Mediterranean, in 
the opinion of the writer these can best be 
regarded as a separate, closely related group and 
considered under C. limetta Risso. 


Major Acid Lemon Varieties.—The follow- 
ing varieties represent the acid lemons which the 
author considers of primary importance. 
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Allen 


See under Eureka below. 


Berna (Verna, Bernia, Vernia) (fig. 4-76) 


Fruit medium in size, oval to broad-elliptical; 
neck or collar short; nipple well developed. Seed content 
variable, but usually few to none. Color bright yellow at 
maturity. Rind medium-thick (thinner in summer crop); 
surface somewhat pebbled, rough; tightly adherent. Cro 
comes mainly in winter but holds well into summer, wit 
undesirably large fruit, however. 

Tree very vigorous, upright-spreading, large, and 
productive. 

According to Gonzalez-Sicilia (1963) Berna 
is by far the most important Spanish variety, con- 
stituting more than 90 per cent of the acreage in 
the Levant. It is grown also in Algeria and Mo- 
rocco. In California, both the fruit and tree are 
much like the Lisbon. 


Bradbury 
See under Lisbon (p. 564). 


Cascade 


See under Eureka below. 


Cavers 


See under Lisbon (p. 564). 


Comune 


See under Femminello Ovale (p. 562). 


Cook 


See under Eureka below. 


Corona Foothill Eureka 
See under Villafranca (p. 566). 


Deaver 


See under Lisbon (p. 564). 
Eureka (fig 4-75 and 4-77) 


Fruit medium-small, elliptical to oblong, some- 
times obovate; commonly with a neck or low collar 
at base; usually short but sometimes long apical mammilla 
or nipple; frequently surrounded with areolar furrow. 
Seed content variable but usually few to none. Color yel- 
low at maturity. Rind medium-thick; surface finely pitted 
with sunken oil glands, slightly rugose, commonly with 
low longitudinal ridges; tightly adherent. Segments about 
10; axis small and usually solid. Flesh color greenish-yel- 
low; fine-grained, tender, juicy; flavor highly acid. Crop 
well distributed throughout year, but mainly in late win- 
ter, spring, and early summer. 

Tree medium in vigor and size, spreading and 
open in growth habit, virtually thornless; sparsely foliated 
(in comparison with Lisbon and others); strongly ever- 
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Fig. 4-77. Eureka, a distinctive major lemon variety of 
Californian origin. Summer fruit. (Photo by C. P. North. ) 


bearing and produces fruit at the ends of long branches 
(fig. 4-75); precocious; productive. Tree lacking vigor 
compared with most other varieties; more sensitive to cold, 
insect infestation, and neglect; shorter-lived. 


The fruit of the Eureka variety differs in 
general from that of Lisbon, the principal other 
vari in California, in that it is more promi- 
nently ridged and has a somewhat ou ee rind 
surface and usually a smaller and less pro- 
nounced nipple. The tree differences are much 
more marked. In addition to those differences 
mentioned earlier (see p. 560), the leaves are 
darker in color and less sharply pointed and the 
margins are somewhat more crenate than the 
Lisbon. 

The Eureka variety originated in Los An- 
geles, California, in a group of seedlings grown 
from fruit of Italian origin—the seed of which is 
said to have been planted in 1858. Several years 
later Andrew Raila and C. R. Workman ac- 
quired some of these seedlings and eventually 
they selected several that appeared to be prom- 
ising. About 1877, Workman provided Thomas A. 
Garey, a prominent Los Angeles nurseryman, with 
budwood from one of these seedlings and he 
propagated and introduced it under the name 
of Garey’s Eureka (Butterfield, 1963). Because of 
its precocity, thornlessness, and everbearing na- 
ture, it soon rivaled the Lisbon variety. Both 
have remained the principal varieties in Califor- 
nia and have achieved the status of major lemon 
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varieties of the world. Eureka ranks as a major 
variety in most important lemon-growing coun- 
tries except Italy, Spain, and a few other Medi- 
terranean areas. Russo (1955), as a result of a 
study of varieties in California, recently expressed 
the opinion that Eureka has its ancestry in the 
Lunario variety of Italy. 

California nurserymen agree that the fol- 
lowing clonal selections are currently the most 
popular: Allen, Cascade, Cook, Meek, Ross, and 
Wheatley or Thornton. Within the limits of nor- 
mal variation associated with environmental and 
disease factors, bud progenies from the parent 
trees of these selections are virtually indistin- 
guishable with the exception of Ross, which is 
more vigorous than typical Eureka and differs 
in other respects. It is probably best regarded as 
a separate variety of unknown origin (see p. 568). 

Presumably because of their greater vigor, 
caused in part at least by freedom from virus in- 
fection, the use of known or presumed nucellar 
clonal budlines during recent years has increased 
to the extent that virtually all Eureka lemon trees 
propagated in California are now seedling or 
nucellar clonal selections. The only known nucel- 
lar line in use is Frost, originated by the ge- 
neticist and breeder, H. B. Frost, at the Citrus 
Research Center, Riverside, California. What are 
presumed to be nucellar lines of some of the most 
popular clonal selections—Allen, Cook, Cascade, 
etc.—are now in use and others will soon become 
available. 


Femminello Ovale (Comune, Ruvittaru) 


Fruit of medium size, short elliptical; rounded at 
base or very faintly necked; nipple low and blunt (much 
less prominent than in Sfusato); seeds comparatively few 
and mostly rudimentary. Color yellow at maturity. Rind 
medium-thick; surface finely pitted with depressed oil 
glands, moderately smooth; tightly adherent. Segments 
about 10; axis of medium size and solid. Flesh tender, 
juicy, and very highly acid. Crop well distributed through- 
out year but mostly in late winter and spring. 

Tree of medium vigor and size, nearly thornless; 
leaves medium-sized; highly productive. Especially well 
adapted to the forcing treatment. 

The oldest and still most important Italian 
lemon varieties belong to the Femminello group, 
which according to Burke (1962) accounts for 
approximately three-fourths of Italian produc- 
tion. The Femminello varieties are characterized 
by a pronounced everblooming, everbearing habit 
which makes them especially responsive to the 
forcing or verdelli treatment so distinctive of 
Sicilian lemon culture. The fruit is of good qual- 
ity, suitable for both shipment fresh and process- 
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ing, and the trees are moderately to highly 
vigorous, upright-spreading, and productive. Un- 
fortunately, with few exceptions, varieties of this 
group are susceptible to the mal secco disease. 
The two most important varieties of this group 
are the older Sfusato (see below) and the newer 
Ovale or Comune. 

Because of its regular and abundant pro- 
duction, good shipping and storage quality, and 
adaptation to the verdelli treatment, Femminello 
Ovale has long been the principal Italian variety 
Unfortunately it is very susceptible to the mal 
secco disease. The comparatively new Santa 
Teresa variety (see p. 568), which is somewhat 
similar to Ovale and thought to be a derivative 
of it, is said to have resistance to this disease. 


Femminello Sfusato (Favazzina, Siracusa) 


Fruit of medium size, elliptical to oblong; prom- 
inently necked and with large long- tapering np seedy. 
Color yellow at maturity. Rind medium-thick; surface 
finely pitted with sunken oil glands, medium smooth; 
tightly adherent. Segments about 10; axis of medium size 
and semi-open. Flesh firm, juicy, and highly acid. Crop 
well distributed throughout year but mainly in late winter 
and spring. 

Tree very vigorous, upright-spreading, 
spiny; leaves large; highly odantive: 
adapted to the forcing treatment. 

Russo (1955) is of the opinion that the 
California Lisbon clones are remarkably similar 
to or identical with the Italian Femminello Sfu- 
sato. Once highly important in Italy, this variety 


has largely been replaced by Femminello Ovale 
and others. 


large, 
Especially well 


Fino 
See under Mesero (p. 565). 


Frost Eureka 
See under Eureka (p. 561). 


Gallego 
See under Lisbon (p. 564). 


Galligan 
See under Lisbon (p. 564). 


Hall 
See under Lisbon (p. 564). 


Interdonato (Speciale) 


Fruit large, oblong-cylindrical; collared or short- 
necked; truncate at apex; prominent sharp-pointed conical 
nipple surrounded by pronounced a furrow, com- 
monly deeper on one side; seeds very few. Color yellow 
at maturity. Rind thin, very smooth, shining; tightly ad- 
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herent. Segments 8 to 9; axis medium-small and solid. 
Flesh color greenish-yellow; crisp and ef flavor nen 
acid with slight bitterness. Cro producec mainly in fall 

and early winter. Earliest of Italian varieties. 

Tree vigorous, upright-spreading, usually thorn- 
less; foliage moderately dense. Leaves large and some- 
what citron-like, with round-pointed blades, undulate 
margins, and short wingless petioles. Moderately produc- 
tive but does not respond well to forcing treatment and 
hence grown primarily for early fruit. 

According to Burke (1962), the very dis- 
tinctive Interdonato variety, which currently ac- 
counts for about 5 per cent of Italian production, 
has been planted solely because of its resistance 
to mal secco disease, to which its resistance is 
said to be intermediate between the Femminello 
and Monachello varieties. 

Interdonato is considered a lemon-citron 
hybrid and is said to have originated about 1875 
on the property of a Colonel Interdonato in 
Nizza, Sicily. 


Jameson 

See under Lisbon (p. 564). 
Kaweah 

See under Lisbon (p. 564). 


Ledig 
See under Lisbon (p. 564). 


Limoneira 8A 
See under Lisbon (p. 564). 





Fig. 4-78. Lisbon, a major lemon variety in California, 
almost certainly of Portuguese origin. Summer fruit. 
( Photo by C. P. North. ) 
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Lisbon (fig. 4-78) 

Fruit medium in size, elliptical to oblong; base 
tapering to inconspicuous neck; apex tapering likewise 
into a usually large, prominent an surrounded by an 
irregular areolar furrow, commonly deeper on one side. 
Seed content variable, but usually few to none. Color 
yellow at maturity. Rind medium-thick; surface ae 
pitted, faintly rugose, inconspicuously ribbed if at all; 
tightly adherent. Segments about 10; core small and solid. 
Flesh color pale greenish-yellow; fine-grained, tender, 
juicy; flavor very acid. Crop comes mainly in winter and 
early spring. 

Tree vigorous, upright-spreading, large, thorny, 
densely foliated, and eee Tree most vigorous of 
varieties grown in California and most resistant to ad- 
verse conditions such as frost, heat, wind, and neglect. 

The Lisbon fruit is generally smoother and 
less ribbed than Eureka, the nipple and areolar 
furrow more prominent, and the taper at the 
ends more gradual. The characters are so variable 
and overlapping, however, as to make identifica- 
tion from small samples uncertain, if not impos- 
sible. The tree is quite different from the Eureka, 
however, and easily distinguishable (see p. 560). 

Lisbon is of Portuguese origin, although it 
is not known there by that name. It is believed 
to be a selection of the Gallego seedling clonal 
group, which in Portugal is somewhat compara- 
ble to the common sweet orange groups of Spain, 
Italy, and numerous other countries (see pp. 442- 
43). A selection known as Portugal in Morocco 
and Algeria is said to be indistinguishable from 
the Lisbon introduced from California.?° 

The earliest reference to Lisbon in Cali- 
fornia appears to be its listing in the 1853 cata- 
logue of Warren and Sons Nursery and Garden 
in Sacramento. It was brought to California in 
1849 or soon thereafter from Massachusetts by 
J. L. L. F. Warren, who had listed it in a nursery 
catalogue issued at Nonantum Vale, near Bos- 
ton, as early as 1843 (Butterfield, 1963). It is vir- 
tually certain that this variety ultimately reached 
southern California, for Caryl (1940) reports that 
budwood from an old Lisbon lemon tree growing 
in Alameda was shipped to S. P. Stowe of Goleta 
in 1883. 

Two importations are known to have been 
made from Australia, where this variety was in- 
troduced as early as 1824 (Bowman, 1955). The 
first was by S. P. Stowe in 1874, who shared his 
introduction with Thomas A. Garey, a pioneer 
citrus nurseryman of Los Angeles. The second 
was by J. W. North of Riverside, who received 
a few small trees in 1875 and turned them over 
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to D. N. Burnham, a California nurseryman. | 

The vigor, hardiness, and high productiv- 
ity of Lisbon combined to establish its early and 
enduring popularity, particularly in the Califor- 
nia interior districts. Eureka has been its only 
rival, principally in the coastal districts, though 
in recent decades that variety has declined some- 
what in popularity in favor of Lisbon. Although 
not as widely grown as Eureka in most other 
lemon-producing countries, Lisbon is unquestion- 
ably one of the major varieties. 

It early became evident that in California 
this variety contained several clones which dif- 
fered in vigor, size and abundance of thorns, com- 
pactness of branching, and denseness of foliage. 
Principal among these selected for propagation 
were the so-called “short-thorn,” “semidense,” and 
“open” types as well as the “standard” clone char- 
acterized above. Since Lisbon is not regarded as 
a clonal variety in its country of origin and at 
least three independent introductions contributed 
to its propagation in California, the facts strongly 
support the conclusion that these types or so- 
called “strains” were contained in the original 
introductions and that, as a consequence, Lisbon 
should properly be regarded as a group of clones 
in California, probably of common parentage, 
rather than a single clonal variety. All of the clones 
currently propagated seem to be of the standard 
or short-thorn types, both of which are charac- 
terized by high vigor and productivity. 

In California, the selection of outstanding 
trees for use in propagation has been widely em- 
ployed for some decades, which has made pos- 
sible comparison of numerous individual tree bud 
progenies. It is the consensus of the nurserymen 
that the old budline clonal selections currently 
most in demand are Galligan, Limoneira 8A, 
Monroe, Prior, Rosenberger, and Strong, and to 
a lesser extent Kaweah and Walker. Selections 
of importance in the recent past include Brad- 
bury, Cavers, Deaver, Hall, Jameson, Ledig, Price, 
Prospect, and USDA. At the time of their selec- 
tion, the bud parent trees were outstanding in 
vigor and productivity and were considered to 
be typical for the variety. 

With two possible exceptions—Galligan 
and Rosenberger—bud progenies are indistin- 
guishable within the normal range of variation 
produced by environmental and disease factors. 
Since the Galligan orchard was planted in 1886 
with trees from Florida, which are said to have 


-" Letter to the writer from H, Chapot, dated June 24, 1963. 
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been ordered as Villafranca, the probability exists 
that this selection is of that variety. There is 
general agreement, however, that Rosenberger 
differs appreciably from Lisbon in both fruit and 
tree characters and also from Galligan to a some- 
what lesser degree. Since its bud parentage is 
uncertain, the writer believes it is best to consider 
Rosenberger a separate variety of unknown origin 
(see p. 568). In arriving at these conclusions, he 
is aware that they will be strongly contested by 
some authorities.*! 

Within recent decades, the use of seedling 
clonal lines has become popular in California and 
is increasing. The only known nucellar clonal 
budline of the Lisbon variety is Frost (see p. 566), 
which was produced by the geneticist and breeder 
H. B. Frost at the University of California Citrus 
Research Center, Riverside. More recently, what 
are presumed to be nucellar lines have been ob- 
tained from some of the named oldline clonal 
selections. A few of these have been propagated 
and currently are being planted. 


Meek 
See under Eureka (p. 561) 


Mesero (Primofiori, Fino) 

Fruit spherical to oval; nipple comparatively 
small and sharp-pointed; moderately seedy. Paler in color 
than Berna and rind smoother and thinner. Also higher 
in juice and acid content. Crop comes mainly in winter. 

Tree exceptionally vigorous, attaining large size, 
very thorny, and highly productive. Foliage density and 
leat size greater than Berna. | 

This variety, of unknown Spanish origin, is 
said to be preferred by processors, but is much 
less extensively grown than Berna. It should not 
be confused with the Primofiore of Italy which 
refers to fruit produced from the first or spring 
bloom. 


Monachello (Moscatello) 


Fruit medium-small, elliptical but tapering at 
both ends; neck Jacking; nipple small and inconspicuous; 
seeds few or none. Color yellow at maturity. Rind thin; 
surface smooth but with large sunken oil glands; very 
tightly adherent. Segments about 10; axis euncenall 
and solid. Flesh tender, somewhat lacking in juice, and 
acid content lower than) most. Crop well distributed 
throughout vear but mainly in winter and spring. 

Tree somewhat lacking in vigor, slow growing, 
and round-topped; strongly drooping, slender, nearly 
thornless branches; dense foliage. Leaves large, thick, with 
undulate margins, and brighter green than most lemons. 
Fruit produced inside the foliage canopy. Moderately 
productive in’ comparison with Femminello and well 
adapted to forcing but with markedly reduced winter 
cTop. 
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The outstanding virtue of this distinctive 
Italian variety is its resistance to mal secco dis- 
ease. This is the reason for its extensive planting 
some decades ago to the point where it was 
second only to Femminello. In all other respects, 
it is inferior to Femminello and currently it is 
planted only in areas where mal secco is very 
severe. 

Certain characteristics of this variety, par- 
ticularly the distinctive growth habit and cross- 
sectional shape of the larger branches, suggest 
that it is a lemon-citron hybrid. 


Monroe 

See under Lisbon (p. 564). 
Moscatello 

See under Monachello above. 
Portugal 

See under Lisbon (p. 564). 
Price 

See under Lisbon (p. 564). 
Primofiori 

See under Mesero above. 
Prior 

See under Lisbon (p. 564). 
Prospect 

See under Lisbon (p. 564). 
Ruvittaru 

See under Femminello Ovale (p. 562). 
Siracusa 

See under Femminello Sfusato (p. 563). 
Speciale 

See under Interdonato (p. 563). 
Strong 

See under Lisbon (p. 564). 
Thornton 

See under Eureka (p. 561). 
USDA 

See under Lisbon (p. 564). 
Verna 


See under Berna (p. 561). 


“1 Letter to the editor from W. P. Bitters, dated August 6, 1965. 


Google 


566 


Vernia 
See under Berna (p. 561). 


Villafranca 
Fruit indistinguishable from Eureka, but seasonal 
distribution of crop more like Lisbon, mainly in winter. 
Tree similar to Lisbon, but more open and less 
upright in growth habit, less thorny, and not as densely 
foliated. 


These characterizations are adapted from 
Webber (1943), since the original clone has been 
little propagated commercially in California, or 
elsewhere so far as can be ascertained, for many 
decades. Indeed, Villafranca is currently of so 
little importance as scarcely to warrant inclusion 
here. The only reason for including it lies in the 
fact that certain clones with characteristics inter- 
mediate between Eureka and Lisbon have been 
propagated as selections of those varieties. Almost 
certainly several of those currently of importance 
in California—notably the so-called Galligan Lis- 
bon and Corona Foothill Eureka selections—are 
in reality Villafranca selections. This may con- 
ceivably be true also of the popular so-called 
Rosenberger Lisbon and Ross Eureka selections. 

Said to be of Sicilian origin, the Villafranca 
variety was introduced into Florida by H. S. 
Sanford about 1875 and brought to California not 
long thereafter. 


Wheatley 
See under Eureka (p. 561). 


Minor Acid Lemon Varieties.—Acid lemon 
varieties of local importance or which possess 
distinctive characteristics suggesting promise for 
the future are presented below. 


Amalfitana 
See under Lunario (p. 567). 


Arancino (Cucuzzaru) 


Arancino is one of a number of minor 
Italian varieties listed by Casella (1935a). The 
highly distinctive fruit is nearly globose, with a 
very short nipple and thick rind, and very seedy. 
The tree is vigorous, hardy, and compact, with 
small spines and leaves. Arancino is very respon- 
sive to the forcing treatment under which the 
fruit occurs in clusters. 


Armstrong (Armstrong Secdless) 


Both tree and fruit of this California vari- 
ety are much like the Eureka, but Armstrong is 
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more vigorous and less productive and the latter 
is less seedy (only occasionally a seed). The 
budded parent tree came to notice about 1915 
in the orchard of Sanford Johnson, Riverside, and 
is thought to represent an unwittingly pean 
bud variation of Eureka. It was called to the 
attention of A. D. Shamel of the U.S. Department 
of Agriculture in 1936 and was patented in 1939 
(U.S. Patent No. 342) and introduced by the Arm- 
strong Nurseries of Ontario. Recommended as a 
home garden variety, it has not achieved much 
importance. 


Asaasli (Saasli, Sakosli) 


Asaasli is a vigorous, productive variety of 
Lebanon and Syria. It is said to have originated 
on the Island of Chios (Greece). The tree re- 
sembles Lisbon and the fruit is somewhat like 
Eureka, but the crop occurs mainly in late win- 
ter and spring. 


Assam 
See under Nepali Oblong (p. 567). 


Bonnie Brae 


Fruit medium-large, oblong to long elliptical- 
i both neck and nipple usually lacking; moderately 
seedy. Rind very thin, smooth, and leathery. Flesh crisp 
and somewhat lacking in juice and acid. Tree lacking in 
vigor and frost-sensitive. 

This California variety originated as a 
seedling from seed of Italian origin grown by 
H. M. Higgins near San Diego, who named and 
introduced it about 1880. Although the fruit is 
highly attractive, it proved to be unsuitable for 
commercial culture. This variety is now merely 
a collection item. 


Corpaci 

Corpaci is a local Italian variety of inter- 
est only in the Simeni area near Siracusa. The 
fruit has both a well-developed neck and nipple, 
is low in seed content, and matures earlier 4 ae 
most other varieties. The tree is vigorous, thorny, 
and productive. 


Cucuzzaru 


See under Arancino above. 


Frost Lisbon 


Frost is at present the only known nucellar 
selection of Lisbon available. It was derived in 
1917 by H. B. Frost of the Citrus Research Sta- 
tion, Riverside, and was released about 1950. 
Seedling budlines presumed to be of nucellar 
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origin have recently been derived from some of 
the most popular California clonal selections, 
however, aad currently are being planted to 
some extent. 


Genoa (Genova) 


Genoa is a California variety which Web- 
ber (1943) says is of the Eureka type and difficult 
to distinguish from it. As the writer saw it in 
Chile, where it was taken from California and 
constitutes the principal variety, it appeared to 
be somewhat more vigorous, densely foliated, and 
cold-resistant. It was introduced into California 
about 1875 from Genoa, Italy, by Jose Rubio of 
Los Angeles. So far as the writer has been able 
to ascertain, it has achieved commercial impor- 
tance only in Argentina and Chile. 


Genova 


See under Genoa above. 


Kusner 


Kusner is a vigorous, productive Russian 
variety said to have originated from the breeding 
program of the government research station at 
Sukhum, Georgia. In California, it is indistin- 
guishable from Lisbon or the Vernia introduced 
from Morocco. 


Lambert Eureka 


This Australian chance seedling is indis- 
tinguishable from Eureka except that it is more 
vigorous and productive and hence is believed to 
be of nucellar origin. Lambert was found by R. J. 
Benton, former government citrus specialist, about 
1940 on the place of Horace Lambert, Moorland, 
New South Wales. It is said to be highly promis- 
ing as a replacement for old clonal selections. 


Lo Porto 


The fruit of this new Italian variety is 
characterized by a globose form and a very large, 
fleshy calyx. Lo Porto was found in Altarello di 
Baida, a village in the Conco d'Oro district of 
Sicily, during the course of a mal secco resistance 
survey. It was first described by Crescimanno 
(1953), and is said to have considerable resistance. 


Lunario (Amalfitano, Quatre Saisons) 
(fig. 4-79) 


Fruit medium-large, long elliptical to long-obo- 
vate; commonly with well-developed neck or furrowed 
collar; usually with narrow sharp-pointed nipple; seedy. 
Rind smooth and medium-thin. Flesh color greenish-yel- 
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Fig. 4—79. Lunario lemon, a distinctive lemon variety of 
local importance in parts of the Mediterranean basin. 
(Photo by H. Chapot. ) 


low; not very juicy; only moderately acid. Tree of medium 
vigor and size, strongly overbearing, thornless; foliage 


dark green; highly productive. 


Lunario is a distinctive Italian variety. It is 
very responsive to the forcing treatment but the 
verdelli fruit is smaller in size, and the following 
winter crop is markedly reduced in amount. 

Lunario is of local importance in parts of 
Sicily and the Amalfi area near Naples and is 
grown to some extent in Libya, Tunisia, and 
Algeria. 


Malti 


This is a Lebanese variety of unknown 
origin. The tree is moderately vigorous, thorny, 
and productive, and the fruit resembles the Lis- 
bon. The crop comes mainly in fall and winter. 
The Malta lemon of northern India is probably 
the same variety. 


Nepali Oblong (Assam, Pat Nebu or Nimbu) 


Fruit medium large, long elliptic to oblong-ob- 
ovate; base rounded; nipple broad but low. Rind medium- 
thick, firm; surface very smooth, shining; color greenish- 
yellow. Segments about 11 and axis hollow. Flesh color 
greenish-yellow; fine-textured, juicy; not very acid. Seeds 
few to none. 

Tree vigorous, spreading with flat and open 
crown of drooping, neal spineless branches; foliage 
citron-like. Everbearing. 
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Nepali Oblong is the principal native so- 
called lemon of India and is said to have origi- 
nated in Assam (Bhattachariya and Dutta, 1956). 
Both tree and fruit exhibit numerous citron 
characters. 


Pat Nebu or Nimbu 
See under Nepali Oblong above. 


Quatre Saisons 
See under Lunario (p. 567). 


Real 


This Spanish variety produces a very large, 
oblong, thick-rinded, highly seedy fruit of low 
juice content and medium acidity. It is locally 
important in the vicinity of Malaga. 


Rosenberger 


Rosenberger is a vigorous, highly produc- 
tive clone that is currently popular in California. 
While commonly considered to be of the short- 
thorn Lisbon type, the fruit is shorter, plumper, 
and more truncate at the base, and there are 
minor tree differences. Rosenberger also differs 
somewhat, although less so, from what is consid- 
ered to be true Villafranca. As a consequence and 
because of its importance, the writer considers it 
best to give Rosenberger varietal standing. It 
traces back to an old orchard owned by W. B. 
Cavers at Upland, which is said to have con- 
sisted of both Lisbon and Villafranca trees. It 
was named for the Rosenberger orchard of the 
same locality, where its outstanding performance 
attracted attention. 


Ross (Ross 10-1) 


Ross is a vigorous, productive clone that 
has been popular in recent decades in California. 
While commonly referred to as a selection of 
Eureka, from which the fruit is indistinguishable, 
the tree is more vigorous and densely foliated, 
and there are other minor differences. Because 
of these differences and its current importance, it 
seems best to give Ross varietal standing. The 
parent tree was selected from a group of similar 
trees in an orchard owned by W. G. Ross at 
Escondido and planted in 1913. The bud par- 
entage is unknown. 


Saasli 
See under Asaasli (p. 566). 


Sakosli 
See under Asaasli (p. 566). 


Google 


THE CITRUS INDUSTRY 


Santa Teresa 


This comparatively new Italian selection 
of the Femminello Ovale type is considered to be 
highly promising because of its greater resist- 
ance to the mal secco disease than any other 
clone found thus far. The parent tree was an old 
disease-free tree discovered in a Femminello or- 
chard that had almost been destroyed by the 
disease (Russo, 1955). It is said to be the variety 
currently most planted as a replacement in areas 
of Italy where the disease is severe. 

Ornamental Lemon Varieties.—Clones 
which exhibit variegation in the leaves or fruit, 
or both, have occurred as limb sports and some of 
the most stable of these Rave propagated 
for use as ornamentals. One of the best of these 
ornamentals is the Variegated Prior Lisbon. Per- 
haps the most interesting ornamental, however, 
is the variegated, pink-fleshed lemon. At least 
two such clones have come to notice—one of 
Eureka in California and another of unknown 
origin in the Mediterranean (Citron Sanguin 
Panaché),. 

Sweet Lemon Varieties.—The writer is ac- 
quainted with only one named variety of the true 
sweet lemon—Dorshapo—but has seen this same 
fruit in Tunisia under the name of citron doux, 
where it is grown to some extent and much ap- 
preciated by the Arab population. In Tunisia, 
it commands higher prices than common lemons. 
Moreover, Chapot (1963d) states that it occurs, 
although not commonly, in Morocco and Turkey 
and doubtless elsewhere in the Mediterranean. 
He has reported (1963d) the remarkable fact that 
this clone regularly produces a few normally acid 
fruits and some in which the individual fruits con- 
tain both acid and sweet juice sacs or vesicles. 
Chapot postulates chimeral natures of the clone 
as the probable cause. 

Webber (1943) placed the Millsweet li- 
metta with the sweet lemons, but the writer has 
included that fruit with the other limettas (see p. 
573). The pani-jamir of Assam (Bhatachariya and 
Dutta, 1956) appears to be a true sweet lemon. 


Dorshapo 


Fruit much like Eureka but slightly more ribbed; 
nipple somewhat more prominent; areolar furrow com- 
monly deeper on one side. Flesh color amber-yellow; 
sweet, insipid, and lacking the typical flavor of the sweet 
lime. Acidity very low but not completely lacking. 

Tree much like Eureka, but more vigorous, 
thornier, and less productive. Flower buds and young 
shoot growth purplish-red tinted. 


This variety was introduced into the 


HORTICULTURAL VARIETIES 


United States from Brazil in 1914 and was named 
for the introducers—(Dor)sett, (Sha)mel and 
(Po)penoe of the U.S. Department of Agricul- 
ture. 


Fruits Resembling the Lemon.—Some of 
the lemon varieties, as previously noted, exhibit 
characteristics of citron to a certain degree. This 
appears true of Monachello, Interdonato and 
Francescano of Italy, San Jeronimo of Spain, and 
Nepali Oblong and other lemons of India (Rand- 
hawa, Singh, and Choudhury 1960). Since the 
lemon characteristics are predominant and such 
fruits are grown and marketed as lemons, these 
varieties were included with the true lemons. 

A lemon-like fruit in which characters of 
the sweet citron are evident is the peretta (C. 
peretta Risso). It is large, ellipsoid in form, and 
with pronounced neck and prominent nipple. The 
rind is thick and citron-like and the flavor sweet 
and insipid. Peretta is an old variety of Italy 
and the French Riviera. It is of minor importance 
and grown only in dooryard plantings. 

There are other fruits, however, in which 
lemon characters are evident but the differences 
are such as to warrant their separate classifica- 
tion. Among the most important of these are 
jamberi or rough lemon, the karna, and the gal- 
gal or hill lemon of India, the Meyer lemon, and 
the limettas, which are discussed separately in 
the next subsection (p. 572). 


Alemow or Colo (C. macrophylla Wester) 
(fig. 4-80) 

Fruit medium-large, oblong to obovate; often 
with prominent mammilla surrounded by circular furrow ; 
seedy. Rind medium-thick (for size of fruit); surface 
somewhat rough and bumpy; tightly adherent; color 
greenish-yellow. Segments numerous (about 15); central 
axis large and solid. Flesh color greenish-yellow; low in 
juice; strongly acid and bitter. Seeds polyembryonic. 

Tree vigorous, spreading, very thorny (with short 
stout spines); flowers and new growth strongly pup 
tinted. Leaves small to medium, pale green, narrow ellip- 
tical, blunt-pointed, and with broadly winged petioles of 
the pummelo type. 


Lemon or lime characters in the alemow 
are discernible, and there is some suggestion of 
pummelo. The writer has provisionally placed 
the alemow in this group, and it is included in 
this treatment because of its promise as a lemon 
rootstock in California where the soluble salt 
and boron content of the soils is unfavorably high 
for the commonly used rootstocks. Alemow is 
said to be native to the Island of Cebu, Philip- 
pine Islands. 
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Fig. 4-80. The alemow or colo of the Philippine Islands, 
currently of promise as a lemon rootstock in California. 
(Photo by C. P. North. ) 


Citronelle 
See under Rough Lemon (p. 571). 


Colo 


See under Alemow above. 


Estes 
See under Rough Lemon (p. 571). 


Galgal or Gulgul (C. pseudolimon Tan.) 
(fig. 4-81) 


Fruit medium-large to large, oblong to ellipsoid; 
low, sometimes furrowed collar or neck; usually with 
short blunt-pointed nipple, sometimes depressed and flat. 
Rind medium-thick; surface usually smooth but some- 
times moderately rough; tightly adherent; color pale to 
golden yellow. Segments about 10; axis large and fallow, 
Flesh color pale yellow; coarse in texture, moderately 
juicy; flavor very sour and with trace of bitterness. Seeds 
numerous and large. 

Tree vigorous, upright or spreading but irreg- 
ular and open, with stout branches, numerous thick spines; 
leaves large and dull-green, resembling the sweet lime in 
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Fig. 4—81. The galgal or hill lemon of India. (Photo by 
C. P. North. ) 


form and apes | to Ste or cupping. Flowers large, 
purple-tinged, and produced in spring only. New shoot 
growth pcrleainted, 


This Indian citrus fruit of ancient and un- 





Fig. 4—82. The karna or kharna khatta of India, where 
it has importance as a rootstock. (Photo by C. P. North.) 
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known origin is also known as the hill lemon or 
Kumaon lemon. While resemblances to the lemon 
are obvious, there are notable differences, among 
which are the essential oils and hence the aroma 
of both leaves and rind, and the single bloom, 
one-crop behavior. Moreover, the tree is more 
resistant to both cold and heat. 

The galgal has commercial importance 
only in submontane areas along the Himalayas 
and in parts of the Punjab where it is grown 
as a substitute for the lemon or lime. Several 
unnamed clones are propagated commercially, 
including an acidless form. 


Gulgul 


See under Galgal above. 


Jamberi 
See under Rough Lemon (p. 571). 


Karna (Kharna Khatta, Karna Nimbu, Khatta 
Nimbu) [C. karna Raf.] (See fig. 4-82) 


Fruit medium to medium large, of variable form 
but in general round to oval; usually with broad and 
prominent nipple, sometimes depressed or lacking. Rind 
moderately thick, firm; surface smooth, warty or ribbed; 
tightly idherenk color golden yellow to deep orange. 
Segments about 11; axis medium-large and semi-hollow to 
solid. Flesh color dull orange; coarse-textured, only mod- 
erately juicy; flavor acid with faint aroma suggestive of 
sour orange. Seeds numerous, somewhat slimy, and mod- 
erately polyembryonic. 

Tree vigorous, medium to large in size, upright- 
spreading, spiny; foliage lemon-like but darker green. 
New growth purple-tinted. Flowers medium-large and 
strongly purple-tinged. One bloom and crop per year. 


Karna is an old Indian fruit of unknown 
origin, and almost certainly a natural hybrid. 
While the tree and fruit are distinctive, they 
exhibit characters of both rough lemon and sour 
or bitter orange, and there are also characters 
suggestive of the acid citron. The commercial 
importance of karna arises solely from the fact 
that it is extensively employed in India as a root- 
stock, second only to rough lemon. 

Karna Khatta 


See under Karna above. 


Khatta Nimbu 
See under Karna above. 


Kumaon Lemon 
See under Galgal above. 


Mazoe Lemon 
See under Rough Lemon (p. 371). 
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Fig. 4—83. Meyer, a hardy Chinese lemon hybrid of 
value as a dooryard lemon substitute and ornamental. 


Meyer Lemon (C. meyeri Y. Tan.) (fig. 4-83) 


Fruit medium in size, oblong to short soe 2 
sometimes faintly ribbed; base rounded, sometimes faintly 
necked and radially furrowed; apex rounded or with low, 
broad nipple. Rind thin, soft; surface very smooth; tightly 
adherent; color yellowish-orange to orange. Segments 
about 10; axis small and solid. Flesh color light orange- 
yellow; tender, very juicy; lemon-flavored and acid. Mod- 
erately seedy. Crop distributed somewhat throughout the 
year but mainly in winter. 

Tree moderately vigorous, small to medium in 
size, spreading, nearly thornless, hardy, and productive. 
Flowers and new shoot purple-tinted. More or less ever- 
flowering but mainly in spring. 

The Meyer lemon compares favorably with 
the sweet orange for both cold and heat resist- 
ance and thus has a much wider range of cli- 
matic adaptation than either the common lemon 
or lime for which it is used as a substitute. The 
fruit is remarkably affected by climatic factors 
and differs greatly in appearance in different 
regions. 

This fruit was found near Peking, China, 
by the plant explorer Frank N. Meyer of the 
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U.S. Department of Agriculture and introduced 
in 1908. Because of its obvious resemblances to 
the lemon and its suitability as a substitute for 
that fruit, it has come to be known as the Meyer 
lemon. 

Introduced as a promising ornamental, it 
rapidly increased in popularity and soon fulfilled 
the most sanguine expectations. It has become 
one of the most widely used citrus fruits as a 
dooryard plant and is especially adapted for use 
potted or tubbed. Unfortunately, however, its 
use is currently banned in some citrus areas be- 
cause of the hazard it is considered to present 
as a symptomless carrier of certain viruses, par- 
ticularly tristeza. Virus-free clones, several of 
which are currently available, will doubtless re- 
place those employed in the past and thus pre- 
serve this useful and attractive ornamental. 

Although acceptable as a lemon substitute 
for home use, the Meyer lemon has not proven 
satisfactory as a commercial variety for the fresh- 
fruit trade. The fruit is too tender and juicy to 
withstand handling, shipping, and storage with- 
out excessive waste. Moreover, it does not cure 
or color well during storage, nor is it acceptable 
to most consumers when lemons are available. 
As a consequence, it has failed to establish itself 
as a commercial variety of more than local im- 
portance anywhere. Meyer lemon was planted 
fairly extensively in Texas, South Africa, and 
New Zealand, but appears to have declined in 
favor since World War II. In Florida, however, 
some interest has been shown in it as a possible 
lemon substitute for local markets and for proc- 
essing. 


Milam 
See under Rough Lemon below. 


Rough Lemon (Jamberi, Jatti Khatti, Mazoe 
Lemon, Citronelle) [C. jambhiri Lush.] (fig. 4-84) 


Fruit medium in size, of highly variable form but 
usually oblate to elliptic-oblong; commonly with irreg- 
ularly furrowed or lobed basal collar or neck; usually with 
broad apical nipple surrounded by a deep irregular areolar 
furrow. Rind medium-thick; surface typically deeply 
pitted, and rough or bumpy, sometimes ribbed; easily 
separable; color lemon-yellow to Solo pB aaa Seg- 
ments about 10; axis large and hollow. Flesh color light 
yellow to pale orange; medium juicy; flavor moderately 
acid. Seeds numerous, small, highly polyembryonic, and 
cotyledons faintly green. Some crop throughout the year 
but mainly in winter. 

Tree vigorous and large, upright-spreading, with 
numerous small thorns; leaves medium-small, blunt- 
pointed, and light gues Flowers small and mandarin-like, 
purple-tinged, and produced more or less throughout 
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Fig. 4-84. The rough lemon or jamberi of India, a 
lemon-like fruit which has worldwide importance as a 
rootstock. 


year, but mainly in spring and late summer. New shoot 
growth faintly purple-tinted. Sensitivity to cold about 
like that of true lemons. 


This species exhibits a remarkable range 
of variation in fruit characters, and in India, 
where it is native, four relatively distinct types 
are recognized, one of which is similar to the 
form obtained from Italy known as C. volcka- 
meriana (for description see Chapot, 1965a). 
There is also a sweet-fleshed form. 

Presumably native to northeastern India, 
where it still grows wild, the rough lemon seems 
to have been taken to southeast Africa by the 
Portuguese toward the end of the fifteenth or 
early sixteenth century and thence to Europe. It 
doubtless reached the New World not long there- 
after. 

Although used to some extent as a lemon 
substitute, for which it is not very suitable, the 
rough lemon is highly important as a rootstock 
in many parts of the world—notably India, South 
Africa, Australia, Argentina, Brazil, and Florida. 
In the last two mentioned countries, selections 
have recently been named—Estes and Milam— 
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which exhibit resistance to the burrowing 
nematode. 

While resemblances to the lemon are fairly 
obvious, the differences are greater, and many of 
its characters are clearly those of the Rangpur 
or mandarin. 

The Limettas (C. limetta Risso).—There 
are three remarkably similar and evidently closely 
related lemon-like fruits which, in the opinion 
of the writer, constitute a natural group, probably 
best designated as the limettas—namely, the Mill- 
sweet so-called sweet lemon, the Mediterranean 
or Tunisian (to distinguish it from the Indian or 
Palestinian) sweet lime and the Moroccan limetta 
or Marrakech limonette. The last fruit is com- 
paratively little known and not until recently 
has an adequate description become available 
(Chapot, 1962a). All three fruits are obviously 
closely related to the lemon but exhibit dif- 
ferences in common that indicate close inter- 
relationship and common ancestry. 

Within the range of normal variation, the 
trees are indistinguishable except that the Medi- 
terranean sweet lime does not exhibit pink col- 
oration in the flower-buds, flowers, and young 
shoot growth. Moreover, the fruits do not exhibit 
significant external differences. Internally, how- 
ever, the following important differences are 
noted: Mediterranean sweet lime (limetta)—flesh 
acidless, chalazal spot cream-colored; Millsweet 
sweet lemon (limetta)—flesh low in acid, chalazal 
epee purple; Moroccan limetta—flesh highly acid, 
chalazal da purple. 

Differences from the lemon, which set 
all three limettas apart as a group, include a 
characteristic oval-shaped, round-pointed, and 
usually somewhat cupped leaf, a highly distinc- 
tive fruit form, and an altogether different rind 
oil closely resembling that of the bergamot. 

In the writer's opinion, the limettas con- 
stitute a well defined group of which the Moroc- 
can limetta (Marrakech limonette) may be con- 
sidered to represent the normal acid form, the 
Millsweet limetta a low acid form (comparable to 
Dorshapo lemon), and the Mediterranean sweet 
limetta the acidless form. 


Marrakech Limonette (Moroccan Limetta, 
Limoun Boussera) 


Fruit medium-sized, depressed subglobose, com- 
monly ribbed; base rounded or somewhat flattened; apex 
strongly flattened with broad and deep areolar furrow 
surrounding a prominent nipple. Rind thin, moderatel 
pitted with sunken oil ate somewhat bumpy; ad 
herent; color light yellowish-orange. Segments about 11; 
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axis medium in size and open. Flesh color pale yellow; 
juicy; very sour and aromatic. Moderately seedy, moder- 
ately polyembryonic, and chalazal spot purple. 

Tree vigorous, large, upright-spreading and open, 
lightly spiny, and highly productive; leaves lemon-like, 
but more oval, less sharp-pointed, and usually somewhat 
cupped at upper end. Flowers purple in the bud and new 
growth purple-tinted. Flowers somewhat throughout the 
year but mainly in spring. 

According to Chapot (1962a), this fruit is 
confined to Morocco, where presumably it is na- 
tive, and was first described by Guillaumin 
(1921). It has little economic importance and is 
used mainly as an ornamental though also as a 
lemon substitute. 


Mediterranean Sweet Limetta (Limetta de 
Tunisie, Limoncello, Arancio di Spagna) 

Fruit indistinguishable from Millsweet limetta 
except acidless, hence even more er sweet; chal- 
azal spot cream-colored instead of purple. 

Tree likewise indistinguishable except flowers not 
purple-tinged and young shoot growth not purple-tinted. 
Flowers white and shoot growth green. 


The Mediterranean sweet limetta is an 
old and reasonably well-known fruit in the Medi- 
terranean and has considerable importance in 
Tunisia and some localities in Italy. In view of 
the few and minor differences between these 
two fruits, the confusion in the literature and 
otherwise is readily understandable but never- 
theless unfortunate. In addition, this fruit has 
often been confused with the Indian or Palestine 
sweet lime which it resembles only slightly (see 
p. 578). 


Millsweet Limetta (fig. 4-85) 


Fruit virtually indistinguishable from Marrakech 
limonette except low in acidity and hence tastes sweet 
and may averse somewhat smaller. 

Tree likewise indistinguishable, but perhaps some- 
what less vigorous. 


This is an old, comparatively little-known 
fruit in the Mediterranean, but it must have origi- 
nated there for it was early brought to California, 
presumably from Mexico. Lelong (1888) quotes 
General Vallejo as remembering having eaten the 
“sweet lemon” at Monterey in 1822 and having 
seen trees of it that same year growing at the 
San Gabriel Mission. Webber named it Millsweet 
and described it as a sweet lemon variety in 1943. 


Limes 


The group name for the limes is lime in 
English and French and lima in Italian and 
Spanish. In Arabic-speaking countries and the 
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Fig. 4-85. Millsweet limetta, an old, low-acid Mediter- 
ranean variety early introduced into Mexico and named 
in California. 


Orient, the limes and lemons are generally 
grouped together under the term limiin (limoon, 
limoun) for the former and nimbu or limbu (nu- 
merous modifications) for the latter. 

Like the citron and lemon, the limes are 
believed to have originated in northeastern India, 
adjoining portions of Burma, or northern Malay- 
sia and to have followed the same general path 
westward to the Mediterranean basin and thence 
to the Western Hemisphere. Because of their 
grouping with the other acid citrus fruits, how- 
ever, it is difficult, if not impossible, accurately 
to trace and time their westward distribution (see 
chap. 1, p. 11). It is virtually certain that the 
sour lime was among the fruits taken by the 
Arabs across North Africa into Spain and Portu- 
gal and highly probable that it was also taken 
to Italy by the Crusaders, although it seems not 
to have persisted long in Europe. It is known to 
have been brought to the Americas by the Span- 
ish and Portuguese explorers in the early part 
of the sixteenth century, where it escaped from 
cultivation and became feral in parts of the West 
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Indies, some Caribbean countries, and southern 
Florida. 

While exhibiting certain basic similarities, 
the true limes constitute a highly varied group 
of which the members differ so significantly that 
separate species standing appears to be justified. 
They fall into two natural groups, however, the 
acid or sour limes and the acidless or sweet limes. 
The acid limes include small-fruited and large- 
fruited kinds and varieties. 

While similarities exist between the small- 
fruited and large-fruited acid limes, the differ- 
ences are much greater. Moreover, there are 
marked differences in climatic tolerances and re- 
actions as well as in resistance or susceptibility 
to certain diseases. Their separation into dif- 
ferent species seems therefore justified. 

The tree differences are notable. Thus, 
the West Indian lime is less vigorous and robust 
than the Tahiti, much finer-stemmed, very much 
thornier, and has much smaller leaves of a dis- 
tinctly paler color. It is much more cold-sensitive 
(about like the citron) and requires more heat to 
develop good fruit size. In contrast with the 
Tahiti lime, it is highly susceptible to the wither- 
tip fungus (Gloeosporium limetticolum), citrus 
canker (Xanthomonas citri), and the tristeza virus, 
for which it is currently the most widely used 
indicator plant. It is markedly resistant to the 
citrus scab fungus (Elsinoé fawcetti). 

The fruit differences are less marked, but 
in addition to the larger size of fruit the Tahiti 
group is virtually or entirely seedless, and the 
odor, while similar, is less pronounced. The flavor, 
though about equally acid, lacks the strong pun- 
gency and aroma of the West Indian lime. 

Except in the United States, the commer- 
cial lime industry is restricted to the West Indian 
group, which is markedly cold-sensitive and has 
a high total heat requirement for the production 
of fruit of good size. Consequently, the lime in- 
dustry has developed principally in hot semitropi- 
cal, subtropical, or tropical regions. Indeed, this 
fruit is without a doubt the most tropical of 
the commercially important citrus fruits. When 
grown in cooler regions, such as southern Cali- 
fornia, the West Indian lime is undesirably small 
and is discounted in the markets. It has also 
been observed that the climates most favorable 
for this lime are likely to be poorly suited to 
lemon culture (see pp. 558-61) and that where 
good limes are available they are generally pre- 
ferred to lemons. These facts are believed to 
explain why the major lime-producing countries 
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and regions are India, Mexico, Egypt, and the 
West Indies. Although statistics are not avail- 
able, almost certainly India is the largest center 
of lime culture. Lime growing is widespread in 
the central and southern portions of that country, 
and the fruit is used extensively. The 1965 crops 
for Mexico and Egypt were reported at approxi- 
mately 3.1 and 1.4 million boxes, respectively, 
and production for the West Indies was esti- 
mated at 400,000 boxes. World production in 1967 
was doubtless in the range of 8 to 10 million 
boxes. A considerable part of the Mexican crop 
is exported to the United States to supplement 
the Tahiti limes grown in Florida and California. 

Although it is known that the West Indian 
lime was planted on some of the Florida Keys 
(reef islands off the southeast coast) as early as 
1838 and that ultimately it became naturalized 
there (hence the term Key lime), it was not until 
the early part of the present century that a small 
commercial industry was developed in Florida. It 
was short-lived, however, and suffered a reverse 
from the disastrous hurricane of 1926, from which 
it never recovered. Early introduced into south- 
ern California by the Spanish mission fathers, 
attempts at its commercial culture invariably 
resulted in failure and were abandoned many 
years ago. 

Unusual or distinctive practices employed 
in the culture of this fruit include the almost uni- 
versal use of seedlings rather than budded trees 
and a forcing treatment for the production of 
summer fruit in the Faiyim oasis, a major cen- 
ter of lime production in Egypt. It is similar to 
the verdelli treatment employed in Sicily to in- 
crease the summer lemon crop (see p. 559). 

Of all the citrus fruits, the West Indian 
lime is highest in percentage composition for acid 
in the juice, ranging from 7 to 8 per cent (cal- 
culated as citric). It is somewhat lower than the 
lemon in ascorbic acid, however, and in other 
vitamins and hence has somewhat less dietetic 
value. For many years, however, sour lime juice 
(probably sweet lime also) was used in the treat- 
ment or prevention of scurvy. 

Much the greater part of the crop is mar- 
keted and consumed fresh, its uses being similar 
to those of the lemon. It is especially esteemed 
for the making of limeade and carbonated bev- 
erages and as a constituent of and garnish for 
alcoholic drinks. In the Orient, it is extensively 
used for pickling and in culinary and medicinal 
preparations. In the West Indies and to some 
extent elsewhere, a considerable part of the crop 
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has been used in the manufacture of bottled lime 
juice, which is highly prized as a constituent of 
mixed alcoholic drinks. The principal byproduct 
is lime oil. 

Commercial culture of the Tahiti or Per- 
sian lime is much more recent and less impor- 
tant and currently is confined to the United States 
where, because of its cold-hardiness and lower 
heat requirement, it is much better adapted than 
the better known and generally preferred West 
Indian lime (fig. 4-86). Since the limes succeed 
much better than the lemon in humid climates 
the industry is almost entirely confined to south- 
ern Florida, where its comparatively low heat re- 
quirement causes this fruit to attain acceptable 
maturity during the summer months—the period 
of greatest market demand and best prices for 
the acid citrus fruits. California does not possess 
this advantage because of a much later season 
of maturity. In Florida, the Persian lime is there- 
fore a rather acceptable substitute for the pre- 
ferred Mexican lime. Because it approaches the 
lemon in size, it was early found necessary to 
educate the markets to accept this fruit as a true 
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Fig. 4-86. Commercial Persian lime grove near Homestead, Florida. (Photo by B. E. Colburn. ) 
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lime rather than a small lemon, but this prejudice 
seems now largely to have been overcome. The 
1965 Florida crop of approximately 560,000 boxes 
was reported to have been produced from 3,500 
bearing acres. There were about 500 acres in 
California in 1965. A considerable part of the 
Florida crop of Persian limes is processed into 
frozen concentrate limeade and lime juice. Lime 
oil is a by-product. 

The fruit-handling practices are much like 
those employed for lemons. The fruit is picked 
to size and hence being largely immature must 
undergo some storage and curing prior to pack- 
ing and shipping. 

Small-fruited Acid Limes (Citrus auranti- 
folia Swing.).—A species description of the small- 
fruited acid limes would correspond in general 
to that given below under West Indian lime. 
However, several types of this fruit are recog- 
nized in India which differ in size, form, and 
degree of seediness. Spineless forms also occur 
in India, have been found in the Mediterranean, 
and are reported elsewhere. The most eee 
of these forms to the writer is the large-fruited, 
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Fig. 4—87. The West Indian or Mexican sour lime, much 
the most important variety. (Photo by C. P. North. ) 


long-elliptical form known as Abhayapuri Kaghzi, 
which is grown commercially in Assam (Bhatta- 
charya and Dutta, 1956) and adjoining portions 
of West Bengal and East Pakistan and found in 
the markets of Calcutta. So far as can be ascer- 
tained, however, only the form described below 
has attained commercial importance elsewhere. 


West Indian (Mexican, Key) (fig. 4-87) 


Fruit very small, round, obovate or short-ellip- 
tical; base usually rounded but sometimes with slight 
neck; apex also rounded but usually with small, low, 
and faintly furrowed nipple. Moderately seedy and highy 
polyembryonic. Rind very thin; surface smooth, leathery; 
tightly adherent; color greenish-yellow at maturity, fol- 
lowing which it drops from the tree. Segments 10 to 12; 
axis very small and usually solid. Flesh color greenish- 
yellow; fine-grained, tender, juicy; ey acid with dis- 
tinctive aroma. Somewhat everbearing but crop comes 
mainly in winter (earlier in very hot climates). 

Tree medium in vigor and size, spreading and 
bushy with numerous, slender, willowy fine-stemmed 
branchlets densely armed with small, slender spines. Foli- 
age dense and consists of small, pale pret broadly 
lanceolate, blunt-pointed leaves with definitely winged 
petioles. Flower fade and flowers small, and flowering 
occurs throughout year but mainly in spring and late sum- 
mer. Notwithstanding contrary statements in the literature, 
the new shoot growth is faintly purple-tinted and flower 
buds and young flowers faintly purple-tinged. Coloration 
fades rapidly, however, especially if the weather is warm, 
and is soon lost. Very sensitive to cold. 
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The West Indian or Mexican lime is the 
kaghzi nimbu (numerous modifications and other 
local names) of India, the limtin baladi of Egypt, 
the doc of Morocco, the Gallego lime of Brazil, 
and limon corriente in some Latin American 
countries. In North America, it is sometimes also 
called the Key lime. 


Because of the relatively high degree of 
polyembryony exhibited by this fruit, it comes 
remarkably true to seed, and seed propagation is 
still employed in most of the countries where its 
culture is important—India, Egypt, and Mexico. 
As a consequence, clonal varieties have not been 
selected and named, except for a few which are 
noted below. In this connection, it is significant 
to note that in California it has been found im- 
possible to distinguish between seedling clones 
of the common acid lime from India, Egypt, and 
Mexico, and clones of Florida and West Indian 
origin from budded trees. It seems likely, there- 
fore, that the principal clones employed are 
genetically identical and that only one horticul- 
tural variety is involved, which in California is 
known as Mexican and in Florida as West Indian 
or Key. 


A nucellar seedling selection arising from 
a Mexican lime-grapefruit cross was described 
and named Everglade in 1905 by Webber (1943) 
in the belief that it produced a larger fruit. In 
California, it has been indistinguishable from 
the parent clones and therefore has not come into 
use. Thornless clones reported in the literature 
include: Doc Sans Epines (Doc Thornless) of 
Morocco; Yung, a form introduced into California 
from Mexico ty George Yung about 1882 and 
described and named by Webber (1943); an in- 
troduction from Trinidad (West Indies) received 
by the United States Department of Agriculture 
in 1910, a limb sport which was found in the 
Ballard orchard near Weslaco, Texas, shortly 
after the freeze of 1925; and a selection recently 
made at Yuma, Arizona, by J. Hamilton of the 
U.S. Department of Agriculture. None has proved 
to have commercial value. 


Because they produce distinctive symptoms 
when infested with the tristeza virus, West Indian 
lime seedlings are widely used as an indicator in 
the detection of this disease. 


Large-fruited Acid Limes (Citrus latifolia 
Tan.)—The two most important large-fruited acid 


limes are the Tahiti and the Bearss, which are de- 
scribed below. 
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Tahiti (Persian) 


Fruit medium-small (like small lemon), oval, ob- 
ovate, ee or short-elliptical; base usually rounded but 
sometimes slightly necked and faintly furrowed; apex 
rounded; sreclae area elevated into a low nipple. Seeds 
rare or lacking. Rind thin; surface smooth, tightly 
adherent; color pale lemon-yellow at maturity. Segments 
about 10; axis small and usually solid. Flesh color pale 
greenish-yellow; tender, juicy; very acid and with true 
lime flavor. Somewhat everbearing, mainly in winter 
(earlier in hot climates such as southern Florida). If left 
on tree past maturity, some fruits develop a_ peculiar 
breakdown in the areolar area at the stylar end. 

Tree vigorous, broad-spreading, drooping, me- 
dium to medium-large, nearly thornless; sees dense 
green. Leaves medium in size, broadiy lanceolate, and 
petioles winged. Flower buds and flowers medium in size 
and flowering occurs throughout year, mainly in spring. 
_ Purple coloration ee faint and evanescent in both 

flowers and shoots. Fully as cold-resistant as the true 
lemons. 


The origin of the Tahiti or Persian lime is 
unknown, and its history is obscure. The name 
Tahiti arises from the fact that this type of lime 
was introduced in California from Tahiti some- 
time during the period of 1850 to 1880. As the 
Persian lime, it was introduced into Australia as 
early as 1824 (Bowman, 1955), possibly from 
Brazil, since it is mentioned in connection with 
the Celeta (Seleta) and Bahia orange varieties of 
that country. The origin of the name Persian is 
unknown, however, although it seems likely that 
this fruit came to the Mediterranean area via 
Persia as did the citron. Currently, it is not to 
be found in Persia, however (Chapot, 1965b). 
The Sakhesli lime of the island of Djerba (Tuni- 
sia) is clearly of the same type and has been 
grown there for a long time, presumably cen- 
turies. H. Chapot, the distinguished French cit- 
rus systematist, reports that he has also seen old 
trees of this fruit in Algeria and that the name 
Sakhesli means “from Sakhos,” an Arabic name 
for the island of Chios (Greece).?* 

While the only commercial variety of the 
Tahiti lime apparently produces no viable pollen 
and is normally seedless, Reece and Childs (1962) 
succeeded in obtaining 250 seeds from a commer- 
cial canning plant in Florida from which 140 
seedlings were planted in an orchard and 77 
survived and ultimately fruited. A high degree 
of monoembryony is indicated as only two seed- 
lings proved to be indistinguishable from the 
parent clone. The remaining seedlings exhibited 
a very wide range in species characters, but ap- 
proximately 60 per cent were predominantly cit- 
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Fig. 4—88. Bearss, a large-fruited, seedless acid lime of 
commercial importance in the United States. Summer 
fruit. (Photo by C. P. North. ) 


ron, lemon, or seedy acid lime. From these data, 
Reece and Childs concluded that this lime is 
clearly of hybrid origin, that one parent is obvi- 
ously the common acid lime, and that the other 
is either lemon or citron, but probably the latter. 
It is interesting that they were unable to observe 
more than 18 chromosomes, the normal diploid 
number for the genus, whereas Bacchi (1940) re- 
ported this lime as triploid in genetic constitution. 


While further study will be required to 
make certain of the facts, it appears that there 
are presently several horticultural clones of Tahiti 
or Persian lime, only one of which is commer- 
cially important. 


Bearss (Bearss Seedless, Persian) (fig. 4-88) 


Both tree and fruit of the Bearss variety 
correspond closely with the Tahiti description. 
The flowers are devoid of viable pollen also, con- 
tain exceedingly few functional ovules, and the 
fruits are regularly seedless. The Bearss variety is 
triploid in its genetic constitution (Bacchi, 1940). 
Moreover, the comparatively rare seeds which oc- 
cur are highly monoembryonic also. 


22 Letter to the writer fron: H. Chapot, dated September 22, 1963. 
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According to Webber (1943), this variety 
originated about 1895 on the place of T. J. Bearss, 
a nurseryman at Porterville, California. While 
the facts are unknown, it presumably occurred 
as a seedling of a tree grown from seed from a 
fruit of Tahitian origin. It seems first to have been 
described and illustrated by Lelong (1902) and 
was introduced and promoted by the Fancher 
Creek Nursery Company of Fresno in 1905. Al- 
though the Tahiti lime was reported to be grow- 
ing in Florida as early as 1883 (Ziegler and Wolfe, 
1961), it is not known when Bearss was intro- 
duced there. Moreover, the present lime industry 
in Florida is based on a variety known as Persian. 
For many years, therefore, it appeared that the 
two varieties were different though obviously 
similar. Comparisons conducted in California, 
however, although not wholly satisfactory be- 
cause of complicating disease factors, strongly 
support the conclusion that the two clones are 
identical. If this is indeed the case, it seems 
highly apres that this variety originated con- 
siderably earlier than Webber reports. 

Found about 1934 by G. L. Polk in Home- 
stead, Florida, and introduced in 1941 (U.S. Plant 
Patent No. 444) is the derivative, smaller, round- 
fruited variety, named Idemor, which occurred 
as a limb sport. More recently, what appears to be 
a similar mutation has been reported in a Bearss 
tree in Morocco. Idemor has not achieved com- 
mercial importance. 


Other Large-fruited Acid Limes.—Webber 
(1943) described the Pond variety, which he ob- 
tained in Hawaii in 1914. It appears to closely 
resemble Bearss, though he reports minor dif- 
ferences. The Sakhesli lime of Tunisia also closely 
resembles Bearss but is obviously a much older 
variety. An unnamed clone introduced by the 
U.S. Department of Agriculture and described as 
a seedless lime of Italian origin is of interest since 
it appears to be intermediate between the Mexi- 
can and Bearss limes, although somewhat more 
resembling the latter. 


Sweet Lime (Citrus limettioides Tan.).— 
The flavor of sweet limes seems insipid to people 
in the United States but is apparently pleasing in 
certain other countries. The Indian or Palestine 
sweet lime is described below. 


Indian (Palestine) (fig. 4-89) 

Fruit medium in size, subglobose to oblong or 
short-elliptic, sometimes faintly ribbed; base evenly 
rounded; apex commonly rounded; areolar area often be 
truded into a low, flat nipple surrounded by a shallow 
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Fig. 4-89. The Indian or Palestine sweet lime, an im- 
portant fruit and rootstock in the Near East and India. As 
grown in the cool, coastal area of southern California. 
( Photo by C. P. North. ) 


circular furrow. Seeds few, highly polyembryonic; chal- 
azal spot light tan (almost blond); cotyledons faint green. 
Rind thin to very thin; surface smooth to very smooth 
with prominent oil glands flush with surface; tightly ad- 
herent; color greenish to orange yellow at maturity. Aroma 
of rind oil distinctive. Segments about 10; axis medium in 
size and semi-hollow at maturity. Flesh color straw- 
yellow; tender, very juicy; flavor insipid because of lack 
of acid, and with slightly bitter aftertaste. Single bloom 
and crop. 

Tree distinctive in appearance, medium-large in 
size and of spreading but irregular growth habit, with 
thick, thorny branches; foliage medium-dense. Leaves pale 
green, medium in size, long-oval, blunt-pointed, and 
characteristically cupped or rolled, with petioles wing- 
margined rather than winged as in most limes. Flowers 
medium-large, pure white, and new shoot growth pure 
green. 


The Indian sweet lime is the mitha nimbu 
(numerous modifications and other local names) 
of India, the limtin helou or succari of Egypt, and 
the Palestine sweet lime (to distinguish it from 
the Millsweet and Tunisian limettas, commonly 
called sweet limes). 

In India, where this fruit has been grown 
longer than elsewhere, several forms are recog- 
nized that differ principally in fruit shape, pres- 
ence or absence of the nipple, and in fruitfulness. 
In northeastern India, to which it is native, it has 
been established (Hodgson, Singh, and Singh, 
1963) that the soh synteng of Assam is the acid 
form of this fruit. It is similar in all respects 
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except: (1) the fruit is highly acid; (2) at a limited 
and ephemoral stage aes coloration is present 
in the flower buds and new shoots; and (3) the 
color of the chalazal spot is pinkish-purple. 

The Indian sweet lime and the Tahiti lime 
bear slight resemblances to the galgal or hill 
lemon of India (see p. 569) and the Tunisian 
limetta. There are virtually no resemblances to 
the small-fruited acid lime. 

In California, this sweet lime is remarkably 
affected by climatic influences. Desert-grown fruit 
differs so greatly in size, color, form, and rind 
texture from that produced in the cool, equable 
coastal region that the inexperienced observer 
would consider them to be different fruits. 

The sweet lime is much esteemed in India, 
the Near East, Egypt, and Latin America and 
is considered to have special medicinal values in 
the prevention and treatment of fevers and liver 
complaints. Statistics are not available, but the 
sweet lime is grown commercially in northern 
India and Egypt and widely elsewhere as a 
garden plant. It is also a rootstock of consid- 
erable importance in parts of India and of major 
importance in Israel and Palestine. 

The most unusual practice of horticultural 
interest in the culture of this fruit is the universal 
use of rooted-cutting trees in Egypt, whereas 
seedling trees are most commonly used elsewhere. 

The Tunisian limetta has been classed as 
a sweet lime but in the opinion of the writer (see 
p. 572) is more logically considered an acidless 
member of the limetta group (C. limetta). It re- 
sembles the Indian sweet lime only in flavor and 
the tendency to cupping of the leaves. The essen- 
tial oil of the rind is altogether different in aroma 
and typical of the other limettas, as are all the 
other characters. 

Columbia appears to be the best known 
named clonal selection of the sweet lime. 

Fruits Resembling the Limes.—Synthetic 
hybrids producing fruits that resemble the limes 
thus far seem to have been restricted to the West 
Indian lime and include the lemonimes (lemon X 
lime) and limequats (lime < kumquat). 

Of the lemonimes only Perrine (West In- 
dian lime Genoa lemon) seems worthy of 
mention and it has not achieved commercial im- 
portance. Although classed and described by 
Webber (1943) as a lemon, in the opinion of the 
writer it has greater resemblance to and behaves 
more like the West Indian lime. While the fruit 
is somewhat larger and the tree is said to be 
resistant to both lime withertip and citrus scab, 
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Fig. 4-90. Eustis limequat, a somewhat lime-like hy- 
brid, of principal importance as a container-grown orna- 
mental. ( Photo by P. C. Reece. ) 


its claimed cold resistance has been found to be 
insufficient for southern Florida, where some 
years ago it was planted as a substitute for the 
West Indian lime. A freeze wiped out the plant- 
ings, which were then replaced by the much 
hardier Persian lime. Perrine originated as a hy- 
brid made by W. T. Swingle and associates of 
the U.S. Department of Agriculture in 1909 and 
was named and described in 1931. 

Of the limequats, which are bigeneric 
hybrids, three varieties have been named (for 
description see Webber, 1943, pp. 667-68)—Eus- 
tis (fig. 4-90), Lakeland, and Tavares. Their im- 
portance is approximately in that order. All are 
characterized by fruits that closely resemble the 
West Indian lime in size, form, and composition 
and hence are reasonably acceptable substitutes. 
Eustis and Lakeland also closely approach the 
West Indian lime in color. Tavares, however, 
exhibits some of the orange coloration character- 
istic of the kumquat and the pink coloration of 
the flower buds which occurs in the West Indian 
lime. All of the limequats are more cold-resistant 
than the lime parent but considerably less so 
than the kumquat. 

None of the limequats has achieved com- 
mercial importance for the fruit, but Eustis and 
Lakeland are grown somewhat as ornamentals. 
In California, they are popular as potted or 
tubbed plants for patios and terraces. 


580 


Eustis and Lakeland are sister hybrids of 
the West Indian lime and the round kumquat 
(Fortunella japonica), and Tavares is a similar 
hybrid with the oval kumquat (Fortunella mar- 
garita). They were made by W. T. Swingle of 
the U.S. Department of Agriculture in Florida 
in 1909 and were named and described in 1913. 

In India, where natural hybrids abound, 
there are a number of fruits in which lime par- 
entage is fairly obvious. The writer observed 
several natural hybrids in which both citron and 
kaghzi nimbu characters were evident. There are 
also a number of fruits that appear to be lem- 
onimes, among which the most important are 
the so-called Rajamundry and Baramasi lemons. 
The former seems clearly to be a large-fruited 
lemonime of the West Indian lime type and the 
latter a thornless Tahiti lime-like plant and fruit. 


THE KUMQUATS 
(FORTUNELLA SPECIES) 


Although the derivation is not given, Web- 
ber (1943, p. 639) states that the name kumquat 
(cumquat) is supposed to have come from the 
earliest known Chinese name, chin kan, which 
is translated as meaning “gold orange.” In Japan, 
where this fruit has been grown for centuries, 
the name kin kan is said to have the same mean- 
ing. A generalized description is presented below: 

Fruit tiny to se small, globose, obovate, oblong 
or oval; color golden yellow to reddish-orange; seeds few 
and with green cotyledons. Rind medium-thick (for the 
size of the fruit); fleshy; surface smooth; sweet flavored 
but aromatic and spicy; tightly adherent; axis small and 
solid. Flesh color yel owish-orange; juice scanty; flavor 
moderately acid. Early coe: in oe Fruit holds 
well on tree with little loss in 

Plant an evergreen s ry or small tree (except 
on certain vigorous rootstocks), fine-stemmed and bushy, 
symmetrical, usually with few or no thorns; dense foliage 
consisting of small mandarin-like leaves (fig. 4-91). Com- 
mon species strongly cold-resistant. 


Markedly resembling the other citrus fruits 
in general and obviously closely related to the 
Calamondin and some of the small-fruited man- 
darins, the kumquats were included in the genus 
Citrus until comparatively recently when Swingle 
established the genus Fortunella (Swingle, 1915), 
which was soon accorded virtually universal ac- 
ceptance. The principal differences on the basis 
of which the separation was made (chap. 3, pp. 
328-29) included the following: (1) ovary locules 
many fewer than Citrus (three to five, rarely six or 
seven); (2) not more than two collateral ovules 
per locule (as compared to four to twelve); (3) 
stigma very broadly cavernous; (4) fruits very 
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Fig. 4-91. Thirty-year-old Nagami kumquat tree on 
sweet orange rootstock. The largest seen by the author. 
(Photo by C. P. North. ) 


small with sweet, edible, more or less pulpy rind; 
and (5) small, more or less angular flower buds. 
Undoubtedly of Chinese origin and men- 
tioned by earlier writers, the first description of 
the common kumquats appears to be that of Han 
Yen-chih, written in 1178 a.p. and translated by 
Hagerty in 1923, in which he refers to two kinds 
of chin kan (kumquat). It seems probable that in 
European literature the kumquat was the fruit 
referred to by Ferrari (1646) as the “aurantium 
. minusculum, Kin kiu” described by the Por- 
tuguese missionary Alvarus Semedus who had 
spent many years in China. So far as can be de- 
termined, this fruit (Nagami or oval form) was 
first introduced into Europe in 1846 by Robert 
Fortune, a plant explorer and collector for the 
London Horticultural Society, who found it in 
China (Fortune, 1846). It must have been sent 
to the United States soon thereafter, for it is 
described and illustrated in the February, 1850, 
edition of Downing’s Horticulturist (Webber, 
1943, p. 640). The round-fruited form Marumi 
was introduced from Japan into Florida in 1885, 
and the Meiwa and Hongkong kumquats were 
brought in by the U.S. Department of Agricul- 
ture between 1910 and 1912 (Webber, 1943). So 
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far as the writer has been able to ascertain, the 
Malayan kumquat, F. polyandra, remains to be 
successfully established in Europe or the United 
States. 

The common kumquats (Nagami and Ma- 
rumi forms) exhibit two distinctive and significant 
climatic reactions concerned with temperature 
requirement. Since growth activity occurs only 
at relatively high temperatures, the trees remain 
inactive and semidormant in subtropical and 
warm temperate climates during the fall, winter, 
and spring months and exhibit growth activity 
only during the comparatively short summer- 
growing season. As a consequence, they normally 
come into bloom much later than Citrus species 
and enter the condition of induced dormancy 
earlier. To judge from the behavior of the oranges 
and mandarins, this long period of growth in- 
activity coupled with photosynthetic activity must 
contribute materially to their outstanding cold- 
hardiness. Whatever the reasons may be, how- 
ever, these two kumquats exceed the hardiest of 
the citrus species in resistance to winter cold, 
including even the satsuma mandarins. 

On the other hand, the size attained by 
the fruit is materially affected by the amount of 
heat during the growing season and somewhat 
by the atmospheric humidity. Thus, the fruit is 
larger, juicier, and less acid in Florida than in 
California, and similar differences exist between 
fruit grown in the hot interior districts of the 
latter state and in the cool, equable coastal re- 
gion. 

Although the peel is edible, and the fruit 
may therefore be eaten whole, the taste is too 
tart for most palates. The kumquat is largely 
used therefore for preserving in syrup, candying, 
and making marmalade. Perhaps the principal 
use in the United States, however, is for decora- 
tive purposes and in gift packages of other citrus 
fruits, the preparation and sale of which consti- 
tutes an enterprise of considerable importance in 
Florida. Since the tree is hardy, dwarfed and 
symmetrical, the foliage attractive, and the fruit 
small, brightly colored, and persistent, the kum- 
quats have been prized and much used as orna- 
mentals from time immemorial and this doubtless 
is their most important use. On dwarfing root- 
stocks, principally the trifoliate orange, they are 
long-lived and make excellent tubbed plants for 
terraces and patios in subtropical and warm tem- 
perate regions and conservatories elsewhere. 

The kumquats are most widely grown in 
China, southern Japan, and Taiwan (Formosa), 
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Fig. 4—92. The Nagami or Oval kumquat, most widely 
grown variety. (Photo by C. P. North. ) 


though the tropical form is confined principally 
to Malaya. Elsewhere their culture occurs mainly 
in the United States—in Florida primarily for the 
fruit for use in the gift-package trade and in 
California almost exclusively for use as ornamen- 
tal plants. 


Kumquat Varieties 


Presumably because of the fact that the 
seedlings are usually weak-growing and inferior, 
most of the horticultural varieties—in the Occi- 
dent at least—are in fact the species clones origi- 
nally introduced. Swingle (chap. 3, pp. 330-33) 
recognized four species, but Tanaka (1954) con- 
siders that there are six. The differences between 
several of these species are so minor, however, as 
to cast doubt on the validity of some of them. 
Listed in their probable descending order of im- 
portance, they are as follows: 


Nagami or Oval Kumquat (F. margarita [Lour.] 
Swing.) (figs. 4-91 and 4-92) 


This species is the Naga or Nagami kinkan 
of Japan. According to Swingle (chap. 3, pp. 330- 
31), the most distinctive features of this species 
are the oblong, obovate, or oval form of the 
fruit, the narrow range in number of segments 
(normally four or five), the deep color and pro- 
nounced flavor of both fruit and rind, and the 
comparatively large leaf and tree. 
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Fig. 4-93. The Meiwa or Large Round kumquat, the 
largest-fruited of the more common kumquats. (Photo by 
P. C. Reece. ) 


As previously indicated, this is the form 
which first reached the Occident. It is vigorous 
and prolific and the fruit is deeply colored, pleas- 
antly flavored, and of good size, though the rind 
oil is somewhat more pronounced than in other 
kumquats. It is much the most popular variety 
both in the Orient and the United States. 


Meiwa or Large Round Kumquat 
(F. crassifolia Swing.) (fig. 4-93) 

This species is the Ninpo, Meiwa or Neiha 
kinkan of Japan. The most distinctive features of 
this kumquat are the short oblong to round form 
and relatively large size of the fruit, the more 
numerous sections (commonly seven), the very 
thick and sweet rind and comparatively sweet 
flavor, and the low seed content (many fruits 
are seedless). 

While Swingle originally (1915) considered 
it to be a valid species, he later concluded that 
this variety is a natural hybrid between the oval 
and round kumquats (chap. 3, p. 335). 

It is much the best variety for eating fresh 
and is reported to be widely grown in Chekiang 
Province of China and to some extent in Fukuoka 
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Prefecture of Japan. Meiwa is said to be slightly 
less cold-hardy than Nagami but is increasing 
in popularity in the United States. 

Tanaka reports the existence in Japan of 
a variegated form with striped fruits, which is 
a most attractive ornamental.” 


Marumi or Round Kumquat (F. japonica [Thumb.] 
Swing.) 

This is the Maru or Marumi kinkan of 
Japan. In comparison with the oval kumquat, 
which it closely resembles, the fruit of this kum- 
quat is round or slightly oblate, sometimes obo- 
vate, and smaller, with a thinner and somewhat 
sweeter rind and a wider range in the number 
of segments (four to seven). The tree is less 
vigorous and somewhat thorny, with smaller, less 
sharply pointed leaves (chap. 3, pp. 331-32). 


Hongkong Kumquat (F. hindsii [Champ.] Swing.) 
(fig. 4-94) 

This is the Mame or Hime kinkan of Japan. 
According to Swingle (chap. 3, pp. 333-34), this 
species grows wild in Hongkong and in Chekiang 


Fig. 4-94. The Hongkong kumquat, an attractive 
small-fruited ornamental. ( Photo by W. P. Bitters. ) 


23 Unpublished report to the writer from T. Tanaka, submitted in July, 1955. 
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and Kwangtung pro-inces of China. The most 
distinctive features include the small size and 
spiny nature of the plant and the very small, 
brilliantly colored, subglobose, virtually inedible 
fruits that contain three or four segments and 
relatively large, plump seeds. Since the pollen- 
mother cells contain double the normal number 
of chromosomes, Swingle considers it to have 
originated as an autotetraploid. 

The Hong Kong kumauat is apparently of 
ancient origin, for it is rather widely distributed 
in the wild and is undoubtedly the chin chu 
(golden bean) or shan chin kan (mountain golden 
mandarin) described by Han Yen-chih in 1178 
A.D. and referred to by an earlier writer whom 
he quotes. 


In modern times, however, the name 
golden bean kumquat has been restricted to a 
cultivated diploid form, the chin tou of China 
or Kinzu uikaa of Japan, which Swingle con- 
siders to have originated from the wild species. 
According to Swingle (chap. 3, p. 334), it differs 
from the parent species principally in having 
larger, thinner, and narrower leaves, shorter and 
more slender spines, and somewhat larger fruits. 
The flowers are also smaller. 

It may be of interest to note that the fruits 
of the Hongkong kumquat appear to be the 
smallest of the true citrus fruits. 

While the Chinese are said to prize these 
fruits and to preserve them for use as a spicy 
flavoring, elsewhere they are merely novelty or- 
namentals, grown primarily as potted plants. 


Changshou Kumquat (F. obovata Tan.) 


The Choju kinkan or Changshou or Fuku- 
shu kumquat of Japan is a dwarf variety that is 
reported to be widely grown as a potted plant in 
China and also in Japan to some extent. Accord- 
ing to Swingle (chap. 3, p. 335), it is characterized 
by the broadly obovate form of the fruit, a mark- 
edly depressed apex, medium size, thin rind (for a 
kumquat), and a rather large number of seg- 
ments (five or six, sometimes as many as eight). 
Seeds are usually few and polyembryonic. The 
plant is small and thornless. 

This species was established by Tanaka 
(1933, p. 38) but was not accepted by Swingle 
who considered it to be a chance hybrid be- 
tween two of the Fortunella species. 


Malayan Kumquat (F. polyandra [Ridl.] Tan.) 


This little known kumquat appears to be 
of Malayan origin, for its present distribution 
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seems to be restricted to that general region and 
Hainan Island. According to Swingle (chap 3, p. 
332), it is a thornless shrub with long, slender, 
lanceolate leaves and relatively large, round, and 
thin-skinned fruits (for a kumquat), containing five 
or six segments. Swingle accepted this species, 
though he questioned its validity and suggested 
the likelihood of hybrid origin. 

It appears to be grown both for the fruit 
and as an ornamental but not as a potted plant. 


Kumquat Hybrids 


Because of its marked cold-hardiness, the 
kumquat was early employed in the citrus fruit 
breeding program of the U.S. Department of Agri- 
culture in Florida, and in 1909 a series of crosses 
was begun which resulted in the creation of the 
limequats, orangequats, citrangequats, and other 
hybrids. Only the limequats and citrangequats 
have proven to have horticultural value. Since 
the former more resemble the lime and are used 
as substitutes for it, they are treated with the 
limes (see p. 579). The citrangequats, however, 
which are trigeneric hybrids in which a bigeneric 
citrange is one of the parents, most resemble the 
kumquat and hence are included here. 

In this connection, it should perhaps be 
mentioned that Swingle (chap. 3, p. 337) regards 
the kumquat as one of the parents of the Cala- 
mondin (see p. 531). 

The Orangequat (Fortunella sp.  man- 
darin).—The name given to this class of hybrid 
is misleading since its parentage involves a man- 
darin rather than a true orange (C. sinensis or 
C. aurantium). So far as the writer has been 
able to ascertain, only one cross was made and 
one variety named (chap. 3, p. 336). 


Nippon 


Fruit small (but larger than the kumquat), 
broadly oval to obovate; orange-colored; rind relatively 
thick and spongy; flavor mild and pulp acid. Matures early 
but holds well on tree for several months. 

Tree slow-growing, medium-small, spreading; fo- 
liage dark green. 

This variety originated from a cross be- 
tween the satsuma mandarin (C. unshiu) and the 
Meiwa kumquat (F. crassifolia) made in Wash- 
ington, D.C. by Eugene May of the U.S. Depart- 
ment of Agriculture. It was described in 1931 
(Swingle, Robinson, and Savage, 1931) and in- 
troduced in 1932. Although it is a somewhat 
attractive ornamental and the fruit makes excel- 
lent marmalade, the orangequat has not become 
popular and remains an oddity or collection item. 
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Fig. 4-95. Sinton citrangequat, a hardy, attractive or- 
namental. (Photo by P. C. Reece. ) 


The Citrangequats (Fortunella sp. X cit- 


range).—Combining the cold-hardiness of the 
kumquat and trifoliate orange, the citrangequats 
appear to be more cold-resistant than the cit- 
ranges (see p. 586) or the Calamondin and kum- 
quat, for they are said to succeed in regions too 
cold for these fruits (Ziegler and Wolfe, 1961, 
. 63). 

: Three varieties are described by Webber 
(1943, pp. 665-66), all of which produce fruits 
with marked resemblances to the kumquat and 
two of which are characterized by a high per- 
centage of trifoliolate leaves. 


Sinton (fig. 4-95) 


Fruit small, round to oval; often necked; color 
deep reddish orange; sharply acid; nearly seedless. 

Tree moderately vigorous, upright, nearly thorn- 
less; leaves mainly unifoliolate. 

This Oval kumquat and Rusk citrange hy- 
brid first fruited at Sinton, Texas, and was named 
and described in 1923 (Swingle and Robinson, 
1923, p. 235). It is an attractive ornamental and 
the fruit is beautifully colored but highly acid. 


Telfair 


Fruit small, round; color yellow to orange-yellow; 
strongly acid; seeds few. 

Tree vigorous, upright, thorny; leaves variable 
but mainly trifoliolate. 

This is an Oval kumquat and Willits cit- 
range hybrid, which first fruited in Telfair County, 
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Georgia. It was made in 1909 and named and 
described in 1923 (Swingle and Robinson, 1923, 
p. 234). 


Thomasville 


Fruit medium-small, globose to oval; color yellow 
to orange-yellow; acid until fully mature when it becomes 
edible; somewhat seedy. 

Tree very vigorous, upright, thorny; leaves vari- 
able but mainly trifoliolate. 

This citrangequat is of the same parentage 
as Telfair and was first fruited at Thomasville, 
Georgia. The cross was made in 1909, and the 
variety was named and described in 1923 (Swin- 
gle and Robinson, 1923, p. 230). 

Presumably because of the larger size and 
edibility of the fruit, it is much the most popular 
variety. 


THE TRIFOLIATE ORANGE (PONCIRUS 
TRIFOLIATA [L.] RAFINESQUE) 


It is most unfortunate that there is no dis- 
tinctive Occidental common name for this fruit 
—the karatachi of Japan—for it is completely in- 
edible and remarkably different from the orange, 
so much so that it cannot properly be regarded as 
an orange in any respect. Indeed it is included 
in this treatment only because: (1) trifoliate or- 
ange and some of its hybrids provide valuable 
rootstock varieties; and (2) the fruits of some of 
the hybrids approach edibility. 

The plant is a highly distinctive deciduous 
shrub or small tree with very large stout spines 
and small compound leaves with winged ecg 
and three leaflets. In the smaller stems, the pith 
is discontinuous, in the form of transverse plates 
(continuous in Citrus and Fortunella). The hivwee 
buds are small, single, lateral, protected by small 
fleshy scales, and are formed early in the summer 
preceding bloom. The flowers are very short- 
stalked with five white, thin, papery petals, nu- 
merous stamens of which the filaments are free, 
and a compound pistil. The ovary of the pistil 
is highly pubescent and contains six to eight 
locules, commonly seven. 

The fruits are small, oblate or obovoid to 
globose, and dull lemon-yellow. The rind is rela- 
tively thick, soft, densely pubescent, and has 
abundant oil glands. The juice is scanty and acid 
and the somewhat slimy pulp contains numerous 
droplets of acrid oil which impart a highly un- 
pleasant taste. The seeds are plump and poly- 
embryonic. The fruit normally ripens in late sum- 
mer or early fall and drops soon thereafter, though 
off-bloom fruit may mature later. 
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Climatically, this fruit belongs to the warm- 
temperate group, for it is nearly as cold-hardy as 
the Oriental persimmon and some of the peaches 
and Japanese plums. The rest in the flower buds 
is comparatively light, however, and in sub- 
tropical climates is sometimes broken by exces- 
sively hot fall weather, with resultant bloom. 
Trifoliate orange normally blossoms with the 
earliest deciduous fruit trees. When used as a 
rootstock for the evergreen citrus fruits and kum- 
quats, the trifoliate orange seems to accentuate 
their normal self-induced dormancy and to some- 
what enhance their natural cold-hardiness, pre- 
sumably because of its deciduous nature and 
hence true dormancy during late summer, fall, 
and winter. Probably because of its requirement 
for chilling, this fruit does not appear to be cli- 
matically adapted to either tropical or very hot 
subtropical Kr with mild winters. These 
facts serve to explain why the natural range of 
climatic adaptation of the trifoliate orange ex- 
tends into regions much too cold for citrus fruits 
and why its use as a rootstock is largely restricted 
to the colder portions of the subtropics. 

Undoubtedly native to central or northern 
China, where it is widely distributed and has 
been grown for thousands of years, the trifoliate 
orange is thought to have reached Japan sometime 
around the eighth century (chap. 3, p. 346) The 
first known description of it and reference to 
its use as a rootstock occurs in Han Yen-chih’s 
Chii Lu, written in 1178 a.p. and translated in 
1923. The writer has not been able to determine 
when the trifoliate orange reached Europe, but it 
is known that William Saunders of the U.S. De- 
partment of Agriculture received it from Japan 
in 1869. 

As an outdoor ornamental, this plant is 
commonly grown in the warm temperate regions 
of China, Japan, western Europe, and eastern 
United States and is sometimes used as a hedge, 
for which it is very effective. It has long been the 
most important rootstock in Japan, primarily for 
the satsuma mandarins, and increasingly is being 
employed in Australia, California, and Argentina. 
However, it is susceptible to the exocortis virus, 
which has been found to be widely prevalent in 
citrus clones. It is said that from ancient times 
the Chinese have used preparations of the fruit 
for medicinal purposes. 

Although the genus Poncirus was estab- 
lished by Rafinesque in 1815 (Ziegler and Wolfe, 
1961), Linnaeus included it in the genus Citrus. 
It was not until a hundred years later that Swingle 
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gained acceptance for its restoration to separate 
standing. Only one species is recognized, trifo- 
liata, which André in 1885 designated as triptera. 
As a consequence, until comparatively recently 
the trifoliate orange has been referred to as Citrus 
triptera in the French literature. The existence of 
two groups with respect to flower size—the small- 
flowered and large-flowered—has long been rec- 
ognized. In California, the former seems to have 
a somewhat higher temperature requirement for 
growth and enters the rest, matures the fruit, and 
becomes dormant much earlier, which may be 
associated with its greater cold resistance when 
used as a rootstock. In Japan, where this root- 
stock is extensively employed, it is believed that 
the large-flowered forms are more dwarfing (Bit- 
ters, 1964), but this has not been confirmed in 
California. 


Rootstock Trifoliate Selections 


Because of renewed interest in the use of 
trifoliate orange rootstock, notably in California 
where it affords important advantages, during re- 
cent decades collections have been made of mate- 
rials assembled from different parts of the world 
or recovered from outstanding local orchard trees. 
While years will be required for their evaluation 





Fig. 4-96. Rubidoux trifoliate orange, a selection cur- 
rently much used in California. (Photo by C. P. North. ) 
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Fig. 4—97. Rusk citrange, an edible variety that has been used as a rootstock in Florida. 


for use as rootstocks, comparison of nursery 
progenies clearly indicates the existence of a 
number of clones, some of which may ultimately 
justify naming as horticultural varieties. 

At the present time, however, the only 
clone in California whose behavior is sufficiently 
well established to warrant naming is Rubidoux 
(fig. 4-96). The parent tree of Rubidoux was 
planted on the old Rubidoux site of the Univer- 
sity of California Citrus Research Center, River- 
side, about 1907 and came from the R. M. Teague 
Nursery Company at San Dimas, California. 
While it belongs to the small-flowered group and 
has medium vigor in comparison with others, the 
writer knows of no other distinctive characteris- 
tics useful in its description or identification, 


though there may be such. 
Ornamental Trifoliate Varieties 


Several dwarfed ornamental varieties are 
said to exist in the Orient. According to Swingle 
(chap. 3, p. 347), the most important and interest- 
ing of these is the Japanese hiryo or Flying 
Dragon variety, which he introduced to the 
United States in 1915. Grown primarily as a 
potted plant, this is a highly dwarfed variety with 
very small leaves, the leaflets of which are com- 
monly reduced to linear filaments, and slender 
crooked branches armed with large, downward- 
curved spines. It is a curious monstrosity which 
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he has accepted—unnecessarily, in the opinion 
of the writer—as the botanical variety monstrosa 
of T. Ito. 


Trifoliate Hybrids 


Although remarkably different from Citrus 
in nearly all respects, Poncirus hybridizes freely 
with the citrus species. Because of its outstand- 
ing cold-hardiness, it was early used in the citrus 
breeding program of the U.S. Department of 
Agriculture. Beginning in Florida in 1897 and 
continuing for several decades, many crosses were 
made between the trifoliate orange and citrus 
species and some with other genera. From this 
work came a series of bigeneric hybrids—the cit- 
ranges, citrumelos, citrandarins, citremons, citra- 
dias, and citrumquats—a few of which are of 
horticultural importance or promise. 

The Citranges (Poncirus & C. sinensis).— 
The influence of the trifoliate orange is strongly 
marked in the citranges as evidenced by the tri- 
foliolate nature of their leaves, the acidity and 
bitterness of their fruits, and the cold-hardiness 
of the trees. The influence of the sweet orange is 
shown, however, in the evergreen nature of the 
trees, though a few are semi-deciduous, and in 
their greater vigor. Additionally, the fruit is usu- 
ally much larger and more orange-like in appear- 
ance. In general, however, the sien oe exhibit 
some degree of intermediacy between the parental 
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species. Of jae horticultural importance in con- 
nection with their use as rootstocks is the fact 
that with few exceptions they come remarkably 
true from seed. They are highly polyembryonic 
and apparently rarely develop zygotic embryos 
(Swingle, 1927). 

The term citrange was announced and the 
first variety named and described in 1904 (Web- 
ber and Swingle, 1905) and subsequently a dozen 
or more have been added. For descriptions of 
most of them the reader is referred to Webber 
(1943, pp. 656-65) and the literature he cites. 

In Webber’s opinion, the citrange varieties 
that most closely approach the sweet orange in 
size, appearance, and edibility in the fresh state, 
and hence may be useful as juice fruits for door- 
yard dene in regions too cold for oranges and 
mandarins, are Morton, Coleman, and Savage. He 
also recommends them as ornamentals. 

Since, in general, the citranges exhibit 
some of the most desirable features of the tri- 
foliate orange combined with the greater vigor 
and wider range of soil adaptation of the sweet 
orange, some of them are currently of promise 
or already have achieved importance as root- 
stocks. Principal ene these are Carrizo, Rusk, 
and Troyer, which are described below. 

Carrizo 

Carrizo is indistinguishable from Troyer 
(see below) and of the same parentage. Savage 
and Gardner (1965) have recently presented con- 
vincing evidence that Carrizo and Troyer are in 
fact a single clone which originated as the zygotic 
seedling (CPB 4-5019) from a cross of Washing- 
ton navel and trifoliate orange made by the senior 
author in 1909 under the direction of W. T. 
Swingle of the U.S. Department of Agriculture 
instead of two sister seedlings as had been 
assumed (Mortensen, 1954). 

In 1923, Swingle had 200 seedlings of this 
then unnamed clone sent to the Winter Haven 
substation (No. 19) near Carrizo Springs, Texas. 
In 1938, he suggested it be named Carrizo, either 
forgetting that he had already given it the name 
Troyer in 1934, which seems unlikely, or because 
he failed to recognize its identity, which seems 
surprising. 

Bitters reports that its field performance 
has differed somewhat from Troyer, which is 
difficult to understand in light of the conclusions 
set forth above.** 
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Fig. 4—98. Troyer citrange, currently the rootstock most 
in demand in California. Fruits about two-thirds grown. 
(Photo by C. P. North. ) 


Rusk (fig. 4-97) 


Fruit rather small, oblate to spherical; smooth 
and virtually glabrous; color deep orange with reddish 
flush. Rind thin and tightly adherent; segments about 10. 
Flesh color orange-yellow; very juicy; flavor sprightly acid 
and only slightly bitter. Seeds few and highly polyembry- 
onic. Early in maturity. 

Tree vigorous, tall-growing, productive, and 
hardy; foliage evergreen to semi-deciduous and dense, 
consisting of moderately large trifoliolate leaves. 


Rusk, a Ruby orange and trifoliata hybrid, 
is one of the oldest citranges, having been created 
by Swingle in 1897 and described and released in 
1905 (Webber and Swingle). It was named in 
honor of J. M. Rusk, the first Secretary of Agri- 
culture of the United States. 

The tree is an attractive ornamental and 
the fruit is juicy and approaches edibility more 
closely than most citranges. Its low seed content 
mitigates against use as a rootstock. 

Rusk is currently of greatest interest and 
importance in Florida. 


Troyer (fig. 4-98) 


Fruit small, oblate to spherical; smooth and nearly 
glabrous; color light orange. Rind medium-thick, with nu- 
merous oil glands; tightly adherent. Segments 9 to 10 and 
axis solid. Flesh color light yellow; juicy; flavor apone 
acid and bitter. Seeds numerous, plump, and highly poly- 
embryonic. Season of maturity ea Ay. 

Tree vigorous, upright-spreading, and medium- 
large with rather slender, thorny banchices, foliage mod- 


24 Letter to the editor from W. P. Bitters, dated August 6, 1965. 
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erately dense, evergreen to aganiaerl aie Leaves dark 
green, medium in size, and mainly trifoliolate, occasionally 
unifoliolate. Productive and hardy. 


This variety originated as a hybrid of the 
Washington navel orange crossed with trifoliate 
orange pollen (hence is actually a citruvel) that 
was made by E. M. Savage, under the direction 
of W. T. Swingle of the U.S. Department of Agri- 
culture, at Riverside, California, in 1909. In 1934, 
Swingle named it for A. M. Troyer, on whose 
place at Fairhope, Alabama, it was first fruited. 
The rise of this rootstock to prominence in Calli- 
fornia has been spectacular. Within Jess than 
twenty-five years from the first field trial it has 
become the rootstock most employed and is much 
in demand elsewhere. 

Other Trifoliate Hybrids.—Of the complex 
hybrids in which a citrange is one of the parents, 
currently only the citrangequats (Fortunella xX 
citrange) have sufficient horticultural value to be 
worthy of mention. Since they most resemble the 
kumquat parent, they are included under Fortu- 
nella (p. 584). 

While several citrumelos (Poncirus « C. 
paradisi), citrandarins (Poncirus < C. reticulata 
and other mandarin species) and citremons (Pon- 
cirus < C. limon) are currently under trial as 
rootstocks and for other purposes, in the opinion 
of the writer none of the named or otherwise 
designated clones is currently sufficiently impor- 
tant to warrant inclusion in this treatment, though 
some of them appear to be promising. 


ACKNOWLEDGMENTS 


Rather obviously, it would have been im- 
possible to prepare this treatise without the in- 
valuable assistance so generously provided by 
colleagues both at home and abroad. Indeed, for 
the degree to which it may have achieved its 
objectives of breadth of scope, accuracy, and ade- 
quacy, the credit is largely theirs. Principal among 
those to whom grateful acknowledgment is made 
are the following: 

United States: F. E. Gardner and P. C. 
Reece, U.S. Horticultural Station, Orlando, and 
A. P. Pieringer, Citrus Experiment Station, Lake 
Alfred, both in Florida; R. T. Brown, Plaque- 
mines Parish Experiment Station, Port Sulphur, 
Louisiana; E. O. Olson, U.S. Horticultural Sta- 
tion, Weslaco, Texas; R. H. Hilgeman, Citrus 


Google 


THE CITRUS INDUSTRY 


Branch Station, Tempe, Arizona; and R. G. Platt 
and W. P. Bitters, Citrus Research Center, Uni- 
versity of California, Riverside. 

West Indies: Egbert Tai, University of the 
West Indies, St. Augustin, Trinidad. 

South America: S. Moreira and A. A. Sa- 
libe, Instituto Agronomico, Campinas, Sao Paulo, 
Brazil; and E. Sartori, University of Buenos Aires, 
Buenos Aires, Argentina. 

Australia and New Zealand: E. C. Levitt 
and R. J. Benton, Department of Agriculture, 
Sydney, New South Wales; and W. A. Fletcher 
and H. M. Mouat, Department of Scientific and 
Industrial Research, Auckland, New Zealand. 

Japan: M. Nishiura, Horticultural Research 
Station, Okitsu; and Y. Tanaka, Citrus Experi- 
ment Station, Komagoe, both in Shizuoka Pre- 
fecture. 

South Africa: W. J. Basson and R. H. Mar- 
loth, Citrus and Subtropical Fruit Research In- 
stitute, Nelspruit, Eastern Transvaal. 

Mediterranean Basin: H. Chapot, Nar- 
enciye Arastirma Istayonu, Antalya, Turkey (for 
the entire basin); E. Gonzalez-Sicilia, Estacion 
Naranjera de Levante, Burjasot, Spain; R. Khal- 
idy, American University, Beirut, Lebanon; H. O. 
Ruck, Food and Agriculture Organization, Rome 
(for Israel); and L. El-Mahmoudi, Ministry of Ag- 
riculture, Orman-Giza, Egypt. Special thanks are 
due to Dr. Henri Chapot for making available his 
vast knowledge of the varieties of the Mediter- 
ranean basin and Near East and for suggestions, 
criticisms, and many of the photographs em- 
ployed herein. Dr. Chapot is, without doubt, the 
principal worker in this field and the leading 
authority. | 

Of those who so kindly reviewed the final 
manuscript, special gratitude for their very great 
helpfulness is expressed to W. P. Bitters and Wal- 
ter Reuther, Department of Horticultural Science, 
Citrus Research Center, University of California, 
Riverside. Deep appreciation is also expressed to 
Mr. Harry Lawton whose editorial review of the 
manuscript resulted in great improvements in 
organization, arrangement, and presentation of 
the text. 

The writer assumes responsibility for the 
errors that will be found and asks that they be 
brought to the attention of the editor in subse- 
quent revisions. 





HORTICULTURAL VARIETIES 


589 


LITERATURE CITED 


AnonyMous. 1961. International code of nomenclature 
for cultivated plants. Intern. Union Biol. Sci. Reg- 
num Vegetabile [Utrecht] 22(13): 1-30. 

1963. Ortaniques. Jamaica Citrus Grow. Assoc., 
Ltd. 3 pp. (Mimeo.) 

Baccut, O. 1940. Observagoes citologicas em citrus. I. Nu- 
mero de cromosémios de algumas espécies e varie- 
dades. Jorn. Agron. [Piracicaba] 3:249-58. 

BAvUHIN, J. 1650. Historia plantarum universalis. Yverdon. 
413 pp. 

BHATTACHARYA, S. C., and S. Dutta. 1956. Classification 
of citrus fruits in Assam. Ind. Counc. Agr. Res. Sci. 
Mono. 20:110 pp. 

Bitters, W. P. 1957. Citrus for ornamental planting in 

California. Lasca Leaves 7(2):20-44. 

1964. Citrus rootstocks and nursery practices in 
Japan. Calif. Citrog. 49:205-10. 

Bitters, W. P., L. A. BATCHELOR, and F. J. Foote. 1956. 
Valencia orange strains. Calif. Citrog. 41:277-79, 
283-84. 

Bosong, A. 1938. Tentativa de caracterizagao de algumas 
formas de laranjas portuguesas. Rev. Agron. 26(3): 
253-318. 

Bonavia, E. 1888-90. The cultivated oranges and lemons, 
etc., of India and Ceylon. W. H. Allen and Co., 
London. 384 pp. 

BowMaN, F. T. 1955. A history of citrus growing in Aus- 

tralia. 1788-1900. Citrus News 31(8): 102-03. 

1956. Citrus growing in Australia. Halstead Press, 
Sydney, New South Wales. 311 pp. 

Broox:, R. M., and H. P. Oimo. 1957. Register of new 
fruit and nut varieties. List 12. Proc. Amer. Soc. 
Hort. Sci. 70:557-84. 

BurkE, J. H. 1961. Citrus industry of Spain. U.S. eat 
Agr., For. Agr. Serv., For. Agr. Rpt. 36 (Revised): 
54 pp. 

1962. Citrus industry of Italy. U.S. Dept. Agr., 
For. Agr. Serv., For. Agr. Rpt. 59:75 pp. 

BuTTERFIELD, H. M. 1963. A history of subtropical fruits 
and nuts in California. Univ. Calif. Div. Agr. Sci., 
Berkeley. 57 pp. 

CaMERon, J. W., and R. K. Soost. 1961. Chandler—an 
early-ripening hybrid pummelo derived from a 
low-acid parent. Hilgardia 30(12):359-64. . 

CaMERON, J. W., R. K. Soost, and H. B. Frost. 1965. 
Encore and Pixie—two new mandarin hybrids 
with unusually late seasons of use. Calif. Agr. Exp. 
Sta. Bul. 814:8 pp. 

CAMERON, J. W., R. K. Soost, and F. O. Orson. 1964. 
Chimeral basis for color in pink and red grapefruit. 
Jour. Hered. 55(1):23-28. 

Cany_, R. E. 1940. Citrus culture in California. Calif. Agr. 
Ext. Circ. 114: 48 pp. 

Casetia, D. 1928. La produzione italiana dei cedri. Ital. 

Agr. 65: 1053-64. 

1935a. L’agrumicoltura Siciliana. R. Staz. Fruttic. 
Agrumic. Acireale Ann. (n.s.) 2:1-147, 

1935. I] polymorfismo del frutto di alcune specie 
del genere Citrus. R. Staz. Sper. Fruttic Agrumic. 
Acireale Ann. (n.s.) 2:165-76. 

Cuapor, H. 1948. Mission au Maroc. Inst. des Fruits et 
Agrumes Coloniaux [Paris]. Rap. Ann 1948:136- 
44. 




















Google 


——-—— 1950a. Pamplemousses, pomelos ou grape-fruits 
et tangelos. Rev. Int. Bot. Appl. Agr. Trop. 30:62- 

75. 

1950b. Un curieux cedrat Marocain (C. medica 
L.). Rev. Int. Bot. Appl. Agr. Trop. 30:506-14. 

1954. Les agrumes au Liban. Tell-Amara, Station 
Agronomique Republique Libanaise. 39 pp. 

1955a. Characteres pomologiques des varieties 
d’agrumes. Troisiéme Cong. Intern. Agrumic. 

Mediter. [Alger] 2:271-74. 

1955b. Anciennes varieties d’agrumes du bassin 
Mediterranean. Troisiéme Cong. Intern. Agrumic. 
Mediter. [Alger] 2:293-98. 

1962a. Trois citrus Marocains. Al Awamia [Rabat] 
2:47-81. 

1962b. Le bergamotier. Al Awamia [Rabat] 5:1- 

27. 

———— 1962c. La mandarine commune. A] Awamia [Ra- 
bat] 5:29-51. 

1963a. La clementine. Al Awamia [Rabat] 7:1- 
34. 

1963b. La mandarinette. Al Awamia [Rabat] 8: 
25-37. 

1963c. L’orange Don Joao et l’orange Valencia 

Late. Cah. Rech. Agron. [Rabat] 18:113-16. 

1963d. Citrons doux . . . ou acides? Cah. Rech. 

Agron. [Rabat] 18:105-12. 

1963e. Quelques oranges sanguines. Cah. Rech. 
Agron. [Rabat] 18:61-87. 

1963f. Lee cedrat Kabbad. Al Awamia [Rabat] 
8:39-61. 

1964a. Les bigaradiers bouquetiers. Premiere 
Partie. Al Awamia [Rabat] 10:55-95. 

1964b. Les bigaradiers bouquetiers. Deuxieme 
Partie. Al Awamia [Rabat] 12:17-49. 

1964c. Deux mutations de lorange Jaffa (Sha- 

mouti). Cah. Rech. Agron. [Rabat] 18:89-95. 

1964d. La Citron de Borneo. Al Awamia [Rabat] 

13:137-53. 

1965a. Le Citrus volkameriana Pasquale. Al 
Awamia [Rabat] 14:29-45. 
1965b. Quelques varieties d’agrumes d’Iran. Al 

Awamia [Rabat] 15:91-109. 

Cuapot, H., and R. Huet. 1963. L’orange salustiana. Al 

Awamia [Rabat] 6:73-93. 

1964. Les oranges douces. Al Awamia [Rabat] 

11:9-19. 

Cuaport, H., and J. C. PrRatornan. 1955. Les graines de 
Citrus. XIV Intern. Hort. Congr. Rpt. [Neth.] 2: 
1294-1323. 

Ciark, B. O. 1916. Introduction of the Valencia orange 
into California. Calif. State Fruit Grow. Conv. 
Proc. 48:39-43. 

Corr, J. E. 1915. Citrus Fruits. The Macmillan Co., New 
York. 520 pp. 

Cort, J. E., and R. W. Hopcson. 1919. An investigation of 
the abnormal shedding of young fruits of the 
Washington navel orange. Univ. Calif. Publ. Agr. 
Sci. 3:283-368. 

Coorer, W. C., P. C. REEcE, and J. R. Furr. 1962. Citrus 
breeding in Florida—past, present and future. 
Proc. Fla. State Hort. Soc. 1962:5-13. 



























































590 


CRESCIMANNO, F. G. 1953. Una nuova varieta di limone. 
Rev. Sicilia Agr. For. No. 1: 8 pp. 

Dorsett, P. H., A. D. SHAMEL, and W. PoPENOE. 1917. 
The navel orange of Bahia; with notes on some 
little-known Brazilian fruits. U.S. Dept. Agr. Bul. 
445:35 pp. 

Fatra Det Bosco, G. 1963. Una pregevole cultivar tar- 
diva arancio L’Ovaletto di Calatafimi Rev. Orto- 
florofrutticolt. Ital. 47(3):215-21. 

Ferrari, G. B. 1646. Hesperides: sive De Malorum aure- 
orum cultura et usu libri quatuor. Hermanni 
Scheus, Rome. 480 pp. 

Fortune, R. 1846. Sketch of a visit to China in search 
of new plants. Jour. Roy. Hort. Soc. [London] 1: 
208-23. 

Frost, H. B. 1935. Four new citrus varieties— the Kara, 

Kinnow and Wilking mandarins and the Trovita 

orange. Calif. Agr. Exp. Sta. Bul. 597: 14 pp. 

1940. The Pearl tangelo—a new citrus variety. 

Calif. Citrog. 25:346. 

1943. Genetics and breeding. In: Webber, H. J., 
and L. D. Batchelor (eds.). The citrus industry. I: 
817-913. Univ. Calif. Press, Berkeley and Los 
Angeles. 

Furr, J. R. 1964. New tangerines for the desert. Calif. 
Citrog. 49:266, 276. 

GaLLEsio0, G. 1811. Traité du Citrus. Louis Fantin, Paris. 
381 pp. 

Ga.vAo, J. M. 1943. Estudo da variedada de laranja 
serodes, charnada de D. Joao. Dir. Gen. Serv. 
Agric., Brig. Tec. da XIV Regias [Beja]. Folha 
Divulgacdo, Ser. II, 37(14):12 pp. 

Ganpul, S. R. 1956. Oranges, lemons and limes in India. 
Ind. Counc. Agr. Res. Farm Bul. 15: 60 pp. 
GONZALEZ-SiciL1A, E. 1963. El cultivo de los agrios. Sec- 
ond edition. Institute Nacional de Investigaciones 

Agronomicos, Madrid. 805 pp. 

Grorr, G. W. 1927. Culture and varieties of Siamese 
pummelos as related to introductions into other 
countries. Lingnan Sci. Jour. 5: 187-254. 

GuiILLauMwW, A. 1921. Les citrus de Marrakech. Bul. Soc. 
Sci. Nat. Maroc 1:(3,4,5,6):111-14. 

Han YEN-CHIH. 1923. Han Yen-chih’s Chii lu [written 
1178]. Monograph on the oranges of Wén-chou, 
Chekiang.) Translated by Michael J. Haggerty, 
with introduction by Paul Pelliot. Toung Pao, Lei- 
den, Ser. 2, 22:63-96. 

Hanrpinc, P. L. 1959. The importance and early history 
of the Temple orange. Proc. Fla. State Hort. Soc. 
72:93-96. 

HawtnorngE, P, L., R. T. Brown, L. G. Jones, D. W. 
Newsom, and J. C. Miter. 1960. Plaquemines—a 
new seedless orange. Louis. Agr. Exp. Sta. Circ. 
67: 4 pp. 

Hopcson, R. W., R. Sincu, and D. SincH. 1963. Some 
little-known Indian citrus species. Calif. Citrog. 
48:188, 211-14, 288-94. 

Huet, R., and H. Cuapot. 1964. Oranges et citrons roses. 
Al Awamia [Rabat] 11:21-29. 

Hume, H. H. 1904. Citrus fruits and their culture. Orange 

Judd & Co., New York. 587 pp. 

1926. The cultivation of citrus fruits. The Mac- 

millan Co., New York. 561 pp. 

Lavurer, B, 1934. The Jemon in China and elsewhere. 
Jour, Amer. Orient Soc, 54:143-60. 











Google 


THE CITRUS INDUSTRY 


LELONG, B. M. 1888. A treatise on citrus culture in Cali- 
fornia. Supt. State Printing, Sacramento, California. 
96 pp. 

1902. Culture of the citrus in California. Revised 
by the State Board of Horticulture. Supt. State 
Printing, Sacramento, California. 267 pp. 

LOMBARD, P. B. 1963. Late harvested fruit of Valencia 
strains compared. Calif. Citrog. 48:139-40. 

Maar_oth, R. H., and W. J. Basson. 1955. Midseason or- 

ange varieties. Farming in So. Africa 30:291-96. 

1959. Relative performance of Washington navel 
orange selections and other navel varieties. Jour. 

Hort. Sci. 34(3): 133-41. 

Mar oty, R. H., W. J. Basson, and G. S. BREDELL. 1964. 
Relative performance of late-maturing orange cul- 
tivars and strains. Jour. Hort. Sci. 39:1-8. 

MERLE, L., H. CuHapot, and R. Huer. 1964. L’orange 
Ksiri, une mutation de Valencia Late. Al Awamia 
[Rabat] 12:51-59. 

MILLs, MINNIE TIBBETS. 1943. Luther Calvin Tibbets, 
founder of the navel orange industry. Hist. Soc. 
So. Calif. Quart. 25:126-61. 

MONSELISE, S. P., and A. H. Hatvey. 1961. Detection of 
lycopene in pink orange fruit. Science 133(3463): 
1478. 

Moreira, S., and A, J. R. Fi-Ha. 1963. Cultura dos citrus. 
Fifth edition. Edicdes Melhoramentos, Sao Paulo. 
120 pp. 

MORTENSEN, E. 1954. Citrus rootstocks in the Winter Gar- 
den area of Texas. Rio Grande Valley Hort. Inst. 
Proc. 8:13-22. 

Moscoso, C. G. 1958. The Puerto Rican chironja—new 
all-purpose citrus fruit. Econ. Bot. 12:87-94. 
Ocuse, J. J. 1931. Fruits and fruitculture in the Dutch 
East Indies. G. Kolff & Co., Batavia. 180 pp. 

Opitz, K. W. 1962. The Atwood navel orange in central 
California. Calif. Citrog. 47:424, 440. 

OPPENHEIM, J. D. 1927. A preliminary note on the origin 

of the Jaffa orange. Genetica 9:516-520. 

1929. On the origin of the “Jaffa” orange. Hadar 

2:31-33. 

RANDHAWA, G. S., R. Suncu, and S. S. CHoupnury. 1960. 
Classification and description of some lemon (C. 
limon Burm.) varieties and allied citrus species. 
Ind. Jour. Hort. 17:198-209. 

Resour, H. 1950. Les agrumes en Afrique du Nord. 
Union des Syndicats des Producteurs d’Agrumes, 
Alger. 502 pp. 

ReEcE, P. C., and J. F. L. Curips. 1962. Character differ- 
ences among seedlings of the Persian lime. Proc. 
Fla. State Hort. Soc. 75:110-16. 

REEcE, P. C., and F. E. Garpner. 1959. Robinson, Osce- 
ola and Lee—new early maturing tangerine hy- 
brids. Proc. Fla. State Hort. Soc. 72:49-51. 

REEcE, P. C., C. } HEARN, and F. E. GarpNner. 1964. 
Nova tangelo—an early ripening hybrid. Proc. Fla. 
State Hort. Soc. 77:109-10. 

Reinkinc, O. A. 1929. The double pummelo of Banda 
and Amboa. Jour. Hered. 20:449-58. 

Ricuarps, A. V. 1949. A new citrus variety—the seedless 
Bibila sweet orange. Trop. Agr. [Ceylon] 105(2): 
47-50. (Also under title: A new tropical citrus va- 
riety. Calif. Citrog. 35:530-31.) 

Ripcway, R. 1912. Color standards and color nomencla- 
ture. The Author, Washington, D.C. 43 pp. 











HORTICULTURAL VARIETIES 


Risso, J. A., and A. PorrEau. 1818-22. Histoire naturelle 
des orangers. Audot, Paris. 280 pp. 

Russo, F. 1955. Lemon culture in Italy. Calif. Citrog. 40: 
255, 275-78. 

SavaGE, E. M., and F. E. Garpner. 1965. The Troyer 
and Carriso citranges. Calif. Citrog. 50(3): 112-16. 

Scott, L. B. 1918. Varieties of the satsuma orange Eur 
in the United States. U.S. Dept. Agr. Bur. Pl. Ind. 
Hort. Pom. Circ. 1: 7 pp. 

SHAMEL, A. D. 1920. Origin of a grapefruit variety hav- 

ing pink-colored fruits. Jour. Hered. 11:156-59. 

1943. Bud variation and bud selection. In: Web- 
ber, H. J., and L. D. Batchelor (eds.). The citrus 
industry. I:915-52. Univ. Calif. Press, Berkeley 
and Los Angeles. 

Soost, R. K. 1963. Citrus pollination. Calif. Citrog. 48: 

447-52. 

1964. Self-incompatibility in Citrus grandis (L.). 
Proc. Amer. Soc. Hort. Sci. 84:137-40. 

SoosT, R. K., and J. W. CAMERON. 1961. Contrasting ef- 
fects of acid and nonacid pummelos on the acidity 
of hybrid citrus progenies. Hilgardia 30(12):351- 
57. 

Soost, R. K., J. W. Cameron, W. P. Birrers, and R. G. 
Piatr. 1961. Citrus bud variation—old and new. 
Calif. Citrog. 46:176, 188-93. 

SpauLpinc, W. A. 1885. The orange: its culture in Calli- 
fornia with a brief discussion of the lemon, lime, 
and other citrus fruits. Press and Horticulturist, 
Riverside, California. 97 pp. 

SwincLe, W. T. 1915. A new genus, Fortunella, compris- 

ing four species of kumquat oranges. Jour. Wash. 

Acad. Sci. 5: 165-76. 

1927. Seed production in sterile citrus hybrids, 
its scientific explanation and practical significance. 
New York Hort. Soc. Mem. 3:19-21. (Abstract.) 

1943. The botany of Citrus and its relatives of 
the orange subfamily. In: Webber, H. J., and L. D. 
Batchelor (eds.). The citrus industry 1:129-474. 
Univ. Calif. Press, Berkeley and Los Angeles. 
SwincLe, W. T., and T. R. Rosinson. 1923. Two impor- 

tant new types of citron hybrids for the home 
garden, citrangequats and limequats. Jour. Agr. 
Res. 23:229-38. 

SwiInGLe, W. T., T. R. Ropinson, and E. M. SAvace. 
1931. New citrus hybrids. U.S. Dept. Agr. Circ. 
181:1-19. 

TaNakA, T. 1918. Varieties of the satsuma orange group 

in Japan. U.S. Dept. Agr. Bur. Pl. Ind. Crop 

Physiol. Breed. Invest. Circ. 5: 10 pp. 

1927. Taxonomy of the citrus fruits of the Pa- 
cific region. Mem. Tanaka Citrus Exper. Sta. 1(1): 
15-36. 

1929a. Citrus survey in the Orient region. Calif. 
Citrog. 14:122, 140-41. 

1929b. The best oranges of the Far East. Jour. 
Hered. 20:37-45. 

1932. A monograph of the satsuma orange with 
special reference to the occurrence of new varieties 
through bud variation. Mem. Fac. Sci. Agr. Tai- 
hoko Univ. 4:1-626. 


























Google 


591 


——— 1933. General remarks on the genus Fortunella, 

(2). Stud. Citrol. 6:19-40. 

1954. Species problem in Citrus (Revisio auranti- 
acearum IX). Jap. Soc. Prom. Sci. Ueno, Tokyo, 
152 pp. 

1961a. Citrus yatsushiro Hort., a nearly discarded 
satsuma substitute. In: Citrologia (Semi-centennial 
commemoration papers on citrus studies). Citrolo- 
gia Supporting Foundation, Osaka, Japan. 114 pp. 
(See specifically: pp. 56-59.) 

1961b. King and Kunenbo belong to different 
varieties of Citrus nobilis Lour. In: Citrologia. 
(Semi-centennial commemoration papers on citrus 
studies.) Citrologia SEPEor ne Foundation, Osaka, 
Japan. 114 pp. (See specifically: pp. 85-89.) 
Tanaka, Y. 1948. An iconograph of Japanese citrus fruits: 

a monographic study of species and varieties of 
Citrus fruits grown in Japan. Yokendo Co., Ltd., 
Tokyo, Japan. 2 vol. 

To._kowsky, S. 1938. Hesperides: a history of the culture 
and use of citrus fruits. John Bale Sons & Curnow, 
London. 371 pp. 

TraBuT, L. 1902a. Une nouvelle tangerine, La Clemen- 

tine. Gouv. Gen. del’Algerie. Dir. Agr. Bul. 35:21- 

35. 

1902b. L’hybridation des Citrus: une nouvelle 
tangerine, La Clementine. Rev. Hort. [Paris] 74: 
232-34. 

1926. La Clementine, les hybrides du Citrus no- 
bilis. Dir. Agr. Bot. [Algeria] Bul. 67. 

Travs, H. P., and T. R. Ropinson. 1937. Improvement of 
subtropical fruit crops: citrus. U.S. Dept. Agr. 
Yearbook 1937:749-826. 

VOLCKAMER, J. C. 1708-14. Niirnbergische Hesperides, 
oder Griiendliche Beschreibung der edlen Citronat- 
Citronen und Pomeranzen-Friichte. Niirnberg. 2 
vol. 

Wanvperc, H. E. 1958. Citrus growing in Thailand. 
Dept. Agr. [Thailand] and U.S.O.M. Niyomkij 
Press, Bangkok. 34 pp. 

WAIBEL, C. 1953. Varieties and strains of citrus originat- 
ing in the lower Rio Grande Valley of Texas. Rio 
Grande Val. Hort. Inst. Proc. 7:18-24. 

Wenper, H. J. 1903. New -horticultural and agricultural 

terms. Science (n.s.) 18:501-03. 

1943. Cultivated varieties of citrus. In: Webber, 
H. J., and L. D. Batchelor (eds.). The citrus indus- 
try. 1:475-668. Univ. Calif. Press, Berkeley and 
Los Angeles. 

Wenser, H. J., and W. T. SwInce. 1905. New citrus 
creations of the Department of Agriculture. U.S. 
Dept. Agr. Yearbook 1904:221-40. 

WestTER, P. J. 1917. New or noteworthy tropical fruits in 
the Philippines, Philipp. Agr. Rev. 10:8—23. 
Wivper, G. P. 1911. Fruits of the Hawaiian Islands. Re- 
vised edition. Hawaiian Gazette Co., Ltd., Hono- 

lulu, 274 pp. 

ZANINI, E., and F. G. CrEsciMANNO. 1955. Nota sul man- 
darino “Tardivo di Ciaculli.” Rec. Rapp. III Cong. 
Intern. Agrumes Pays Mediter. 2:263-65. 

ZIEGLER, L. W., and H. S. Wo tre. 1961. Citrus growing 
in Florida. Univ. Fla. Press, Gainesville. 248 pp. 




















INDEX 


ay eee 

Abers Narrow Leaf bitter orange, 491-492 

Acosta, José de, 16 

Acreage, commercial: world, 42-43, 45-46; Algeria, 90, 92; 
Arizcna, 77; Argentina, 153, 155; Australia, 173; Brazil, 158; 
British Honduras, 53; California, 79; Ceylon, 139; Chile, 163; 
China and Taiwan, 140; Cook Islands, 176; Corsica, 139; 
Cyprus, 93; Egypt, 95; Florida, 83; Greece, 96; India, 146; 
Israel, 101, 102; Italy, 106, 108; Jamaica, 55; Japan, 148, 150; 
Lebanon, 116; Malaya, 151-152; Mexico, 57-58; Morocco, 
118, 120; Mozambique, 177; New Zealand, 178; Pakistan, 152; 
Paraguay, 166-167; Peru, 167; Philippines, 153; Portugal, 122; 
South Africa, 180; Southern Rhodesia, 187; Spain, 123, 125; 
Surinam, 168; Swaziland, 188; Syria, 131; Taiwan, 140; 
Texas, 88; Trinidad, 62; Tunisia, 132; Turkey, 133; U.S.S.R., 
136; United States, 64-66; Uruguay, 171; Venezuela, 172 

Acrumen (section of Metacitrus) [Tanaka's], 366-367, 500; 
see also Mandarin orange. 

Adam's Apple, 9, 13; see also Pummelo 

Aegle Corréa (genus: Hard-Shelled Citroid Fruit Trees), 242, 
243, 401-402, 403, 406-407, 414 

A. marmelos (L.), 407-409, 417 

Aeglopsis Swingle (genus: Hard-Shelled Citroid Fruit Trees): 
Salads characteristics, 243, 401-402, 403, 406, 409, 412; 

ey to species, 412; species, 412-414 

A. chevalieri Swing., 412-413, 414 

A. eggelingii W.R.F. ae des 412, 413-414 

Afraegle (Swing.) Engler (genus: Hard-Shelled Citroid Fruit 
Trees): general characteristics, 243, 401-402, 403, 406, 409, 
414; key to species, 409; species, 409-412, imperfectly known, 
411-412 

A. asso Engl., 409, 411-412 

A. gabonensis (Swing.) Engl., 402, 409, 410-411 

A. milbraedii Engl., 409, 412 

A. paniculata (Schucmn.) Engl., 409-411 

Africa, 7, 9, 17 

African cherry-orange. See Citropsis 

African powder-flask fruits. See Afraegle (Swing.) Engler 

Afrocitrus (subgenus of Citropsis), 302, 303, 309, 310, 313; spe- 
cies, 309-313; see also Citropsis 

Agricultural Marketing Agreement Act, U.S. 82, 87 

Agricultural Research Service. See United States Department 
of Agriculture, and introduction of new varieties 

Airy-Shaw, H. K., 317, 415n. 

Alabama, citrus industry in, 30 

Alberti, Leandro, 10 

Alemow, hybrid, 395, 569 

Alexander the Great, 2, 3 

Algeria, citrus industry in, 42-43, 47, 48, 49, 51, 90-93; vari- 
eties grown, 91-92, 445, 472 

Algerian mandarin. See Clementine mandarin 

Allen lemon. See Eureka lemon 

Allspice tangelo, 528 

Amalfitana lemon. See Lunario Jemon 

American Wonder, hybrid. See Ponderosa, hybrid 

Amongpong, hybrid, 395 

Amyris simplicifolia Roxb. See Atalantia simplicifolia (Roxb.) 
Engl. 

Andrews, Alfred C., 3-5 passim 

Angola cherry-orange. See Citropsis angolensis 

Anis oil, 212; see also Essential oils 

Annam papeda. See Citrus macroptera var. annamensis 

Aoe mandarin, 502 

Arab Empire, and spread of citrus, 7, 9, 12 

Arabian Nights, 12 

Arancino lemon, 566 

Arancio Barile orange. See Barile orange 

Arancio di Spagna. See Mediterranean Sweet Limetta 

Arangus, 7 

Archbold, Richard, 251 

Archbold’s wenzelia. See Wenzelia arehboldiana 

Archicitrus (subgenus of Citrus) [Tanaka’s], 364-367 
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Argentina, citrus industry in: acreage, 153, 155; citriculture, 
155-157; climate, 155; distribution, 154-156 passim; general, 
42-43, 46, 47, 49; marketing 157-158; pests and diseases, 51, 
153, 157, 158; varieties, 155, 510, 522 

Arizona, citrus industry in: acreage, 65, 66, 77; citriculture, 78: 
climate, 77, 78; distribution, 77-78; introduction of citrus, 
23-24; juice characteristics, 74, 75, 76; pests and diseases, 
78-79; production, 66, 68, 513; varieties, 78, 456, 457, 458, 
460, 481, 513, 516, 529 

Armstrong lemon, 566 

Armstrong Nurseries, Calif., 483, 486, 488, 566 

Armstrong orange, 455 

Asaasli lemon, 566 

Asahikan, pummelo-like fruit, 552 

Assam lemon. See Nepali Oblong Jemon 

Atalantia Corréa (genus: Near-Citrus Fruit Trees): distribution, 

315; general characteristics, 192, 240, 280, 282, 283, 297, 

301, 302, 315-316, 318, 327, 329; key to species, 316; key to 

subgenera, 316; species and subgenera, 316-325; species of 

uncertain relationships, 325; subgenus Atalantia, 316; species, 

316-323 

ceylanica (Arn.) Oliv., 315, 323, 324, 325, 326 

citroides Pierre ex Guill., 320-321 

sume Swing., 324, 325, 326 
inanensis Merr. & Chun, 325-326 

littoralis (Miq.) Guill., 289 

macrophylla (Oliv.) Kruz., 276, 317, 318-319, 320 

maritima Merr., 289 

monophylla DC., 316-318, 319, 320 

polyandra. See Fortunella polyandra 

racemosa Wight, 319, 320 

racemosa var. henryi Swing., 319-320 

rotundifolia (Thwaites) Tan., 315, 324-325 

roxburghiana Hook., 322 

roxburghiana var. kwangtungensis (Merr.) Swing., 322 

roxburghiana var. kerrii Swing., 323 

simplicifolia (Roxb.) Engl., 321-322 

wightii Tan., 321 

Attani, pummelo-like fruit, 528, 552 

Atrog citron. See Etrog citron 

Atwood navel orange, 479 

Aulacia. See Micromelum falcatum 

Aurantamarin, 375 

Aurantioideae (orange subfamily): general account of, 190~191, 
194-196, 248n., 280; key to tribes, 196; list of tribes, sub- 
tribes and groups, and genera, 195-196; position of, in Ruta- 
ceae, 193-194; retrospect and prospect, 420-421; taxonomic 
works on, principal, 191-193; see also Citrus L. 

Aurantioides (subsection of Aurantium) [Tanaka’s], 365 

Aurantium (section of Archicitrus) [Tanaka's], 365-366 

Australia, citrus industry in: acreage, 173; citriculture, 175 
climate, 173-174; distribution, 173, 174; introduction of cit- 
rus, 17-18; marketing and processing, 175-176; pests and 
diseases, 175; production, 42-43, 47, 173; seed, use of, 28: 
varieties, 174-175, 451, 455, 463, 485, 509-510, 514, 522, 523 

Australian desert lime. See Eremocitrus Swingle and E. glauca 

Australian finger-lime. See Microcitrus australasica 

Australian navel orange, 479-480 

Australian round lime. See Microcitrus australis 

Australian wild lime. See Microcitrus Swingle 

Autotetraploid seedlings, citrus, 334-335; see also Tetraploid 

state 
Aziza orange, 455-456 
Azores Islands, 462 
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Baddaford navel orange. See Flannagan navel orange 

Bacl-Fruit Group (Hard-shelled Citroid Fruit Trees): genera, 
406-407, 409, 412, 414: species, 407-415; see also Balsamo- 
citrinae 

Bahia navel orange, 18, 479; See also Washington navel orange 

Bahianinha (Baianinha Piracicaba) navel orange, 160, 163, 480 
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Baiana navel orange. See Washington navel ae 

Baianinha Piracicaba navel orange. See Bahianinha navel orange 

Bailey, F. M., 379; species descriptions of, 233, 356, 357, 396 

Bailidge orange, 456 

Baja California, 24 

Baladi orange, Egyptian, 463-464 

Balsamocitrinae (subtribe of Citreae: Hard-Shelled Citroid Fruit 
Trees): genera, 403-404, 406-407, 409, 412, 414, 415-416, 
417-418; general characteristics, 194, 195, 243, 401-402, 405; 
groups: Group A (Tabog group), 401, 403, Group B (Bael- 
fruit group), 401-402, 403, 406, Group C (Wood-apple 
group), 402, 403, 415; key to genera, 403; Key to groups, 403; 
species, 404—420 

Balsamocitrus Stapf (genus: Hard-Shelled Citroid Fruit Trees): 
general characteristics, 401-403, 406, 409, 412, 414 

B. dawei Stapf. 414-415 

Banguey Island orangeaster. See Pleiospermium longisepalum 

Banoken, pummelo-like fruit, 551 

Banpeiyu pummelo, 536 

Bardo orange, 443 

Barbados, 13, 14, 534 

Barbaric invasions, influence of, 6-7 

Barile orange, 456 

Bartholomew, E. T., 373 

Bartram, W., 19 

Bass, C. A., 21 

Batumi Botanical Garden, U.S.S.R., 138 

Beach, A. J., and Sons, 21 

Bearss lime, 577-578 

Beaumont, Texas, 30 

Beauty mandarin, 509-510 

Beddome, R. H., species descriptions of, 221 

Bedmar orange. See Berna orange 

Beladi orange, 95; see also Jaffa orange; Shamouti orange 

Beledi (Beladi, Baladi) trees, 442, 446, 452, 455, 464 

Belladonna orange, 443 

Belladonna Sanguigno orange. See Moro orange 

Bellamy navel orange, 485 

Benemerito, A. N., 378 

Bentham, G., species descriptions of, 203, 284 

Benton, R. J., 514, 551, 567 

Bergamot oranges, 106, 108, 109, 112, 113, 114, 376, 432; hort. 
characters, 494-495; varieties, 495-496; see also Sour orange 

Berna lemon, 92, 126, 561; juice characteristics, Spain, 130 

Berna orange. See Spanish Berna orange 

Best orange, 456 

Bhattacharya, S. C., 363 

Bibile orange, 456 

Bible, and citrus, 4, 372, 553 

Bigarade. See Sour orange 

Billi Kichili mandarin, 525 

Biondo Comune orange, 113, 444 

Biondo Riccio orange, 444 

Bishop, P. P., 449 

Bitter orange. See Citrus aurantium and Sour orange 

Bittersweet orange, 376, 431, 490-491; see also Sour orange 

Bizri (Baladi) orange, 116 

Blair, G. Y., 285-286 

Blanche de Teneriffe orange. See Tenerife orange 

Blanco, M., 381, 405 

Blood orange: countries grown in, 50, 84, 95, 106, 108, 110, 
120, 121, 126; horticultural classification of, 470-471; vari- 
eties, 472-477; production of, 471; regional groups, 471 

Blood Oval orange. See Doblefina orange 

Bloodred orange, 472, 473 

Blooming period (and harvest): Algeria, 98; Arizona, 78; Argen- 
tina, 155, 156; Australia, 175; Brazil, 160; British Honduras, 
54; California, 80, 81; Chile, 164; Cyprus, 94; Egypt, 96; 
Florida, 85, 86: Greece, 98, 100; India, 146; Italy, 108, 109, 
113; Jamaica, 55; Lebanon, 116; Morocco, 120; Mozambique, 
177; New Zealand, 178; Peru, 167, 168; South Africa, 182, 
184; Southern Rhodesia, 187; Spain, 127; Surinam, 170; Tex- 
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as, 88; Trinidad, 64; Turkey, 134; Uruguay, 171 

Bolivia, citrus industry in, 42-43 

Bombay atalantia. See Atalantia racemosa 

Bonavia, E., 192, 371, 400 

Boone orange, 456 

Bonnie Brae lemon, 566 

Boron, accumulation of, 285-286, 287, 341, 420 

Bortugan Ahmer orange, 95 : 

Bortugan Khalili orange, 95 

Bortugan Succari orange, 95 

Bouquet bitter orange, 491 

Bouquet box-orange. See Severinia paniculata 

Bourdillon, Thomas A., 221 

Bouquetier a Grandes Fleurs bitter orange, 491 

Bouquetier de Nice a Fleurs Doubles bitter orange, 491 

Bourouhaine navel orange, 477, 485 

Bourouhaine Meski orange, 464, 469 

Box-orange. See Severinia Tenore 

Bowen grapefruit. See Duncan grapefruit 

Bowman, F. T., 550 

Boxwood Leaf Chinotto orange, 494; see also Chinotto orange 

Bradbury lemon. See Lisbon lemon 

Branca orange. See Prata orange 

Brandis, D., species descriptions of, 218 

Brazil, citrus industry in: acreage, 158; citriculture, 161; cli- 
mate, 45, 160; distribution, 158-160; introduction of citrus 
to, 17, 18; marketing, 160-162; pests and diseases, 51, 161; 
processing, 162-163; production, 42-43, 46, 47, 51, 52, 158, 
160; varieties, 160-161, 446, 449, 451, 458, 463, 469, 470, 
480, 513 

Brenier, H., 381 

British Honduras, citrus industry in, 42-43, 52, 53-55 

Broward tangelo, 528 

Brown, D. J., 20 

Brown, Rev. N. L., 449 

Brown, T. W., 12 

Browne, Patrick, 383 

Brownell citradia, 347-348 

Buckeye navel orange, 485-486 

Buckeye Nurseries, Fla., 527 

Buddha’s Hand citron, 554, 556 

Burgess mandarin, 522 

Burgundy grapefruit, 545 

Burkill, I. H., 192; species description of, 273, 296 

Burkillanthus Swing. (genus: Primitive Citrus Fruit Trees): dis- 
tribution, 294; general characteristics, 243, 280, 281, 282, 
290, 294-295, 404, 405 

Burkillanthus malaccensis (Ridl.) Swing., 294, 295-297 

Burma, 8; citrus industry in, 153 

Burmann, J., species description of, 214 

Burton orange, 456 

Bushukan citron, 556 

Butler orange, 456, 460 

Byproducts, citrus, 37, 40-41, 46, 47-50, 54, 55, 56, 58, 60, 62, 
65, 66, 67-69, 72-77, 82, 87, 89, 93, 94, 99, 100, 102, 103, 
105, 106, 110, 112, 114, 115, 118, 121, 122, 130-131, 132, 133, 
144, 148, 151, 157-158, 162, 166, 167, 171, 175-176, 177, 
178, 186-187, 187-188, 490, 491, 495, 499, 509, 540, 560; or 
see Essential oils; Juice; Marmalade; Peel 


aie: 

CES Redblush grapefruit, 545 

Cadenera orange, 92, 119, 120, 126, 130, 132, 444-445 

Cadena Punchosa orange, 456-457 

Calabrese orange, 443, 444, 445, 461 

Calabrese Sanguigno orange. See Tarocco Liscio orange 

Calamondin, 142, 143, 153, 337, 368, 382, 433, 531 

Calderon orange, 155, 457 

California, citrus industry in: acreage, 79; agricultural code 
standards, 82-83; auction prices, 69, 70; census of citrus 
(1867), 27; (1880), 28; citriculture, 81, 558-559; climate, 41, 
438; distribution, 64, 79-80; early groves, 25-29, 455, 457; 
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early industry, 18, 23, 27, 29; introduction of citrus in, 24-29; 
juice characteristics, 74, 75, 76, 77; marketing, 82-83; produc- 
tion, 27, 28, 68, 69, 499, 513; research on citrus problems in, 
33-36; strains, 440; varieties, 79-81, 447, 455, 461, 463, 479, 
481, 486, 513, 529, 546, 568 

California Fruit Growers Exchange, 34 

California State Board of Horticulture, 33 

California Mediterranean Sweet orange. See Maltaise Oval 

Cambodia, citrus in, 153 

Campbell orange, 455, 457 

Campeona mandarin, 510 

Canada, imports of citrus, 50, 51, 70, 71, 72 

Canamiel orange. See Sucrena orange 

Canary Islands, 15, 463 

Candolle, Alphonse de, 13 

Candolle, Augustin P. de, 33, 191 

Canton lemon, 143 

Capuchina orange, 457 

Capurro mandarin, 522 

Camey, J. L., 449 

Carrizo citrange, 587; see also Troyer citrange 

Carter navel orange, 486 

Carvalhais mandarin, 522 

Casa Grande orange, 457 

Cascade lemon. See Eureka lemon 

Castagnaro bergamot, 496 

Castellana orange, 445 

Castro, Jodo de, 10 

Cavers lemon. See Lisbon lemon 

Cecily grapefruit, 545 

Cedro Liscio citron. See Diamante citron 

Celebes papeda. See Citrus celebica 

Central America, citrus industry in, 53-64 

Cephalocitrus (section of Archicitrus) [Tanaka’s], 365 

Ceylon, citrus industry in, 139-140 

Ceylon atalantia. See Atalantia ceylanica 

Ceylon orangeaster. See Pleiospermium alatum 

Chaddock, Captain Thomas, 13n. 

Chaetospermum. See Swinglea Merrill 

Chalazal spot, 464, 471, 489 

Chalcas. See Murraya Koenig 

Chandler pummelo, 538 

Changshou kumquat, 335-336, 583 

Chapman, A. B., 446, 454 

Chapot, H., 451-487 passim, 495-497 passim, 511, 548, 556, 

557, 568 

Charaka-Samhita, 3 

Chemi orange, 475-476 

Cherry-orange. See Citropsis 

Chevalier’s aeglopsis. See Aeglopsis chevalieri 

Childs, J. F. L., 363 

Chile, citrus industry in, 42-43, 51, 163-166 

China and Taiwan, citrus industry in: acreage, 140; citriculture, 
144-145; climate, 142, 143; distribution, 140-143; history of 
citrus, 2, 11, 12, 18; and lemons, 7-8; marketing, 145-146; 
pests and diseases, 145; production, 42-43, 140, 145; vari- 
eties, 142, 143-144, 525, 582, wild, 144, and wampee, 211, 
216-217 

China citron, 555-556 

Chinese box-orange. See Severinia buxifolia 

Chinese glycosmis. See Glycosmis citrifolia 

Chinotto orange, 106, 108, 49-4 

Chironja orangelo, 548 

Chota mandarin, 525 

Chou K’i-fei, 8 

Chromoplasts, used to distinguish mandarin and swect orange, 

381 

Chii lu, 2, 12, 585 

Ch’u Yuan, 2 

Cicitrange, hybrid, 348 

Citradia, hybrid, 347-348, 378 

Citrandarin, hybrid, 346, 347 
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Citrange, hybrid, 34, 175, 338, 346, 347, 348-349, 360, 586-588 
Citrangedin, hybrid, 339 
Citrangequat, hybrid, 339, 584 
Citrangeremo, hybrid, 344 
Citrangor, hybrid, 348 
Citreae (tribe: Citrus and Citroid Fruit Trees): distribution, 243: 
genera and species, 243-279, 281-401, 403-420; general char- 
acteristics, 191, 194, 195, 196, 240, 242-243; key to sub- 
tribes, 243; subtribes, 243-245, 279-281, 401-403 
Citremon, hybrid, 347 
Citriculture: Algeria,92; Arizona,78; Argentina, 155-157; Brazil. 
161; California, 81; Ceylon, 140; Chile, 164, 166; China and 
Taiwan, 144-145; Cook Islands, 177; Cyprus, 94; early, 5, 7; 
Egypt, 95-96; Florida, 85-86; Greece, 98, 100; Israel, 101- 
102; Italy, 109; Jamaica, 57; Japan, 150; Lebanon, 116; Mex- 
ico, 60-61; Morocco, 120; South Africa, 182-184; spacing of 
trees, 78, 86, 89, 92, 94, 96, 98, 101, 109, 116, 120, 126, 132, 
134, 140, 150, 156, 160, 170, 183, 184; Spain, 126-127; Suri- 
nam, 170; Texas, 89; Trinidad, 63; Tunisia, 132; Turkey, 134; 
U.S.S.R., 138; Yugoslavia, 138; see also Frost protection, Or- 
angeries 
“Citrin.” See Vitamin P 
Citrinae (subtribe of Citreae: Citrus and Citroid Fruit Trees): 
general characteristics, 191, 195, 243, 265, 279-281, 402; key 
to genera, 282; key to groups, 281; groups: Group A (Primi- 
tive citrus fruit trees), 281-283; genera, 283, 290-291, 294— 
295, 297, 299; species, 284-289, 291-299; Group B (Near- 
citrus fruit trees), 301; genera, 301-303, 315-316; species, 
303-326; Group C (True citrus fruit trees), 326-328; genera 
and subgenera, 328-330, 339-340, 344, 346, 349-352, 358— 
359, 386-388, 392-393; species, 330-333, 340-342, 346-347, 
350, 352-358, 370-373, 374-376, 378-386, 388-395; hybrids, 
335-339, 342-344, 346-349, 355, 359-369; varieties and 
mutations, 376-378 
Citroid fruit trees. See Citreae 
Citroides (subsection of Citrophorum) [Tanaka's], 364 
Citron (Citrus medica L.): Chinese varieties, 143; description, 
botanic, 370-371; early citriculture, 5, 7, 554; early uses, 5, 
371, 553; in Europe, 5-6, 10, 98, 108, 123, 139; flavonoids, 368; 
fruit characters, 433-434; history of, 1-9 passim, 15-18 pas- 
sim, 371-372, 552-554: horticultural characters, 552-554: 
horticultural classification, 431, 432; horticultural varieties, 
554-557; hybrids, 363, 373 
Citronelle. See Rough lemon. 
Citrophorum (section of Archicitrus) [Tanaka's], 364-365 
Citropsis (Engl.) Swing. & M. Kell. (genus: Near-Citrus Fruit 
Trees): distribution, 301; general characteristics, 242, 280, 
282, 283, 291, 299, 301-303; key to species, 303; key to sub- 
genera, 303; subgenera and species, 303-313; species inade- 
quately known, 313-315; subgenus Citropsis, 303; species, 
303-309 
angolensis Exell, 302, 303, 304-305 
articulata (Willd.) Swing. & M. Kell., 303, 305-306 
daweana Swing. & M. Kell., 299, 302, 303, 304, 314-315 
gabunensis (Engl.) Swing. & M. Kell., 292, 302, 303, 309, 
310-311 
gabunensis var. lacourtiana (De Wild.) Swing. & M. Kell., 
303, 311 
sae Swing. & M. Kell., 302, 303, 306-308, 311, 420 
atialata. (De Wild.) Swing. & M. Kell., 303, 308-309 
le-testui Pellegrin, 302, 303, 309, 311, 312-313 
mirabilis (A. Chev.) Swing. & M. Kell., 303, 306 
preussii. See C. articulata 
schweinfurthii (Engl.) Swing. & M. Kell., 302, 303-304, 305, 
311 
tunakae Swing. & M. Kell., 281, 302, 303, 309-310, 313, 314 
zenkeri Engler, 303, 309, 311-312 
Citrumelo, hybrid, 347 
Citrumquat, hybrid, 336-337, 348 
Citrus: botanic descriptions, 190-421; climate and effect on char- 
acters, 437-439 (see also Climate and Citrus); fruit characters. 
433-434, descriptive outline of, 435-437, forms, 432; history, 
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1-30, 146, 441-442, 479: horticultural classification of, 431- 
433; horticultural varietal definitions, 439-441; horticultural 
varieties: bergamot oranges, 494-496, blood oranges, 464-470, 
citranges, 586-588, citrons, 552-557, grapefruit, 533,534, 539- 
548, kumquats, 580-584, lemons, 552, 558-572, limes, 552, 
573-580, limettas, 572-573, mandarins, 496-533, myrtle-leaf 
oranges, 494, navel oranges, 477-489, pummelos, 533-539 (hy- 
brids), 548-552, sour (bitter) oranges, 489-494, sugar oranges, 
464—470, sweet oranges, 443464, trifoliate oranges, 584-586, 
588 (see also bergamot orange, blood orange, citrange, citron, 
grapefruit, kumquat, lemon, lime, mandarin, navel orange, 
pummelo , sour orange, sweet orange, trifoliate orange); indus- 
try: Central America, 53-64, Far East, 139-153, Mediterranean 
Area, 90-139, South America, 153-172, Southern Hemisphere, 
173-188, United States, 64-90 (or see individual countries, 
states); production, world, 40, 42-44, 46, 47, 51 (see also indi- 
vidual countries, states); research and technology, origins, 33- 
37; root-stocks and effect on characters, 439 (see i a Root- 
stocks); soils and effect on characters, 439 (see also Soils); tree 
characters, 436, 437 

Citrus L., classification systems, 364-367; distribution, 358; 
flavonoids, 368; general characteristics, 282, 283, 287, 290, 
291, 302, 310, 326-329, 404, 405; hybrids, 359-368, 373- 
378, 378, 380-381, 382, 386, 388, 389-392, 395, 397-398; 
key to sections and species of Papeda, 387; key to subgenera 
and species, 370; species concept, 358-363, 368-369; species 
described, 370—376, 378-386, 388-389, 393-397, 398400; 
subgenera, 369-370, 386-388 

C. alata Tan., 364 

C. amblycarpa Ochse, 367, 524 

C. ampullacea Hort. ex Tan., 365 

C. anonyma Hort. ex Tan., 365 

C. asahikan Hort. ex Tan., 365, 552; see also Asahikan, pum- 
melo-like fruit 

C. assamensis Dutta & Bhatt., 364 

C. aurantiaca Hort. ex Tan., 365 

C. aurantifolia (Christm.) Swing., 363, 364, 370, 374, 575; 
hybrids of, 374; see also Lime and Small-fruited acid limes 

C. aurantium L., 365, 368, 370, 374-379, 489; distinguished 
from C. sinensis, 374-376; hybrids, 378; taxonomic problem, 
379; varieties and mutations, 376-378; see also Sour orange 

C. aurantium var. myrtifolia Ker-Gawl., 378-379 

C. aurea Hort. ex Tan., 366 

C. aurata Risso, 364 

australasica. See Microcitrus australasica 

. australis. See Microcitrus australis 

. balincolong Tan., 364 

. balotina Poit. & Turp., 364 

benikoji Hort. ex Tan., 366 

bergamia Risso & Poit., 364 

boholensis Tan., 364 

canaliculata Hort. ex Y. Tan., 365 

celebica Koord., 364, 394; hybrids, 395 

celebica var southwickii (Wester) Swing., 364, 387, 394 

clementina Hort. ex Tan., 363, 366 . 

combara Raf., 364 

cornuta Lauterb. See Monanthocitrus cornuta (Lauterb.) Tan. 

crenatifolia Lush., 363, 366 

davacensis Tan., 364 

decumana L. See Pummelo 

deliciosa Ten., 366; see also Mediterranean mandarin 

depressa Hay., 367, 524-525 

duttae Tan., 365 

erythrosa Hort. ex Tan., 366 

excelsa Wester, 364 

. favicarpa Hort. ex Tan., 365 

C. fiiadeko Hort. ex Y. Tan., 365 

C. garroway. See Microcitrus parrowayi 

C. genshokan Hort. ex ‘Tan., 365 

C. glaberrima Hort. ex Tan., 365, 552; see also Kinukawa, pum- 
melo-like fruit 

C. grandiflora, See Wenzclia grandiflora 
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C. grandis (L.) Osheck, 360, 365, 368, 370, 382-383; see also 
Pummelo 
C. grandis var. banokan Tan., 551; see also Banokan, pummelo- 
like fruit 

C. hainanensis Tan., 367 
C. hanaju Hort. ex Shirai, 366 
C. hassaku Hort. ex Tan., 365; 548; see also Hassaku pummelo 
mandarin 
. himekitsu Hort. ex Tan., 365 
. hiroshimana Hort. ex Tan., 365 
. hyalopulpa Tan., 364 
hystrix DC., 364, 370, 387, 399-401; hybrids, 401 
. hystrix var. boholensis Wester. See Kansi, hybrid 

ichangensis Swing., 360, 366, 369, 370, 385, 387, 388-389; 
hybrids, 389-392 

indica Tan., 366, 370, 384-385 

inflata Hort. ex Tan., 366 

inflato-rugosa Hort. ex Tan., 366 

inodora. See Microcitrus inodora 

intermedia Hort. ex Tan., 365 

iriomotensis Tan., 365 

iwaikan Hort. ex Y. Tan., 365 

iyo Hort. ex Tan., 365, 531 

jambhiri Lush., 364; see also Rough lemon 

japonica. See Fortunella japonica 

javanica Blume, 364 
ie Sieb. ex Tan., 366, 390; see also Yuzu, hybrid 

arna Raf., 364, 570; see also Karna 

keraji Hort. ex Tan., 366 

kinokuni Hort. ex Tan., 364, 525; see also Kinokuni mandarin 
kizu Hort. ex Y. Tan., 366 

kotokan Hay., 365 

latifolia Tan., 364, 576; see also Large-fruited acid limes 
. latipes (Swing.) Tan., 364, 370, 385, 387, 391, 392 
leiocarpa Hort. ex Tan., 367 
limetta Risso, 363, 364, 572; see also Limettas 
. limettoides Tan., 364, 578 

limon (L.) Burm. f., 364, 368, 370, 372-374; hybrids, 373- 
374; see also Lemon 

limonia Osbeck, 285-286, 364, 368~369, 373, 532; see also 
Rangpur lime 
. limonimedica Lush., 364 
. longelimon Tan., 364 
. longispina Wester, 364 

lumia Risso & Poit., 364 

luteo-turgida Tan., 366 

lycopersicaeformis Hort. ex Tan., 367, 525 

macrolimon Tan., 365 

macrophylla Wester, 365, 569; see also Alemow, hybrid 
macroptera Montr., 364, 370, 387, 395-397; hybrids, 397- 
398 

macroptera var. kerrii Swing., 364, 387, 398-399 

macroptera var. annamensis Tan., 364, 387, 399 
maderaspatana Hort. ex Y. Tan., 365 

madurensis Lour., 367, 531; see also Calamondin 
maideniana. See Microcitrus maidentana 

margarita. See Fortunella margarita 

maxima (Burm.) Merrill. See Pummelo 

medica L., 358, 364, 368, 370-372; see also Citron 

medica var, ethrog Engl., 372 

medica var. sarcodactylis (Noot.) Swing., 372 

medioglobosa Hort. ex Tan., 365 

megaloxycarpa Lush., 363, 364 
. mellarosa Risso, 364 
meycrii Y. Tan., 364; 571; see also Meyer lemon 
miaray Wester, 365 
micrantha Wester, 364, 370, 387, 393 
micrantha var. microcarpa Wester, 364, 387, 393-394 
. microcarpa Bunge. See Calamondin 
mitis Blanco. See Calamondin 
. mitsuharu Hort. ex Y. Tan., 365 
. montana Tan., 364 
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myrtifolia Raf., 365 
nana Tan., 364 
natsudaidai Hay., 365; see also Natsudaidai, hybrid 
nobilis Lour., 366 sec also C. reticulata 
nippokoreana Tan., 366 
ae Hort. ex Takahashi, 365, 551; see also Kinkdji, 
pummelo-like fruit 
oblongo Hort. ex Y. Tan., 365 
obversa Hassk., 364 
odorata Wester, 364 
oleocarpa Hort. ex Tan., 366, 525 
omikanto Hort. ex Y. Tan., 365 
. otachibana Hort. ex Y. Tan., 365 


. oto Hort. ex Y. Tan., 366 


. ovata Hassk., 364, 583 

. panuban Tan., 365 

. papaya Hassk., 364 

. papillaris Blanco, 365 

. paradisi Macf. 366, 368, 370, 383-384; hybrids, 384; see also 
Grapefruit 

. paratangerina Hort. ex Tan., 366 

. pennivesiculata Tan., 364 

. peretta Risso, 364, 569 

. platynamma Hort. ex Tan., 366 

. ponki Hort. ex Tan., 366 

polyandra. See Clymenia polyandra 
pseudo-aurantium Hort. ex Y. Tan., 366 


. pseudograndis Hort. ex Tan., 365 
. pseudogulgul Hort. ex Shirai, 365 


pseudolimon Tan., 364, 569; see also Galgal, hybrid 
pseudolimonum Wester, 364 
. pseudopapillaris Tan., 365 


. pseudoparadisi Hort. ex Y. Tan., 365 


pseudo-sunki Hort. ex Tan., 366 

pyriformis Hassk., 364 

reshni Hort. ex Tan., 366, 525 

reticulata Blanco, 363, 366, 368, 370, 375, 380-381, 383; 
hybrids, 381, 382; see also Mandarin 

reticulata var. austera Swing., 366, 381-382 

rissoi Risso, 365 

rokugatsu Hort. ex Y. Tan., 365 

est Hort. ex Tan., 365, 552; see also Attani, pummelo- 
like fruit 

sarbati Tan., 365 

scandens Griff., 273 

shunkokan Hort. ex Tan., 366 

sinensis (L.) Osbeck, 365, 368, 370, 375-376, 379-380; 
hybrids, 380; see also Sweet orange 
sinograndis Hort. ex Tan., 365 

suavissima Hort. ex Tan., 366 

succosa Hort. ex Tan., 366 

sudachi Hort. ex Shirai, 366 

suhuiensis Hort. ex Tan., 366 

suizabon Hort. ex Tan., 365 

sulcata Hort. ex Takahashi, 365 

sunki Hort. ex Tan., 366, 525-526 

tachibana (Mak.) Tan., 327, 358-386, 366, 
hybrids, 386 

tatwanica Tan. & Shim., 365, 378 
takuma-sudachi Hort. ex Tan., 366 

tamurana Hort. ex Tan., 366, 551; see also Hytganatsu, 
pummelo-like fruit 

tardiva Hort. ex Shirai, 366 

tardiferax Hort. ex Tan., 366 


70; possible 


. tarogayo Hort. ex ¥. Tan., 366 
. temple Hort. ex Y. Tan., 365, 572; see also Temple mandarin 


tengu Hort. ex Tan., 365 
truncota Hort. ex Tan., 365 


_ujukitse: Hort. ex Tan., 366 
wtnshiu Marc., 366, 500-507; see also Satsuma mandarin 
. tittensis Tan., 364; see also Moli kurikuri, hybrid 


; tcarburgiana. See Microcitrus warburgiana 
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C. webberi Wester, 364; see also Webber's Philippine hybrid 

C. wilsonii Tan., 366 

C. yamabuki Hort. ex Y. Tan., 365 

C. yanbaruensis Tan., 365 

C. yatsushiro Hort. ex Tan., 366, 505; see also Yatsushiro man- 
darin 

C. yuge-hyokan Hort. ex Tan., 365 

C. yuko Hort. ex Tan., 366 

Citrus and Citroid Fruit Trees. See Citrinae 

Citrus Experiment Station. See Citrus Research Center and 
Agricultural Experiment Station, Univ. of Calif. 

Citrus Fruit Trees. See Citrinae (Citrus, Clymenia, Eremocitrus, 
Fortunella, Microcitrus and Poncirus) 

Citrus Marketing Board of Israel, 104 

Citrus Research Center and Agricultural Experiment Station, 
Univ. of Calif., 34-36 passim; introduction of new varieties, 
457, 459, 463, 481, 482, 492, 504, 513, 514, 516, 521-528 pas- 
sim, 537, 538, 544, 546, 566, 586 

Citrusdal, South Africa, 184 

Clanor orange, 445 

Clanwilliam orange. See Clanor orange 

Clark, Byron O., 454 

Clason grapefruit, 545-546 

Clausena Burm. f. (genus: Remote Citroid Fruit Trees): dis- 
tribution, 209, 211; general characteristics, 205, 209-210, 
215, 240; keys to species, by regions, 212-214; relationships 
of species, 210-211; species, 214-231; species problem, 211; 
uses, 211-212 

C. abyssinica Eng]l., 214, 220, 227 

C. anisata (Willd.) Hook. f., 211, 214, 220, 226 

C. anisata var, multijuga Welw. ex Hiem., 226-227 

C. anisata var. mollis Engl., 214, 227 

C. anisum-olens (Bl.) Merr., 211-212, 223-224 

C. brevistyla Oliv., 225 

C. brevistyla var. halmaheirae (Miq.) Swing., 213, 225-226 

C. cambodiana (Pierre) Guill., 213, 225 

C. dentata (Willd.) Roem., 212, 220 

C. dentata var. dulcis (Bedd.) Swing., 211, 212, 221, 235 

C. dentata var. dunniana (Leév.) Swing., 213, 221-222 

C. dentata var. henryi Swing., 211, 213, 222 

C. dentata var. longipes (Craib) Tan., 213, 220-221, 231 

C. dentata var. pubescens (Wt. & Arn.) Tan., 212, 220 

C. dentata var. robusta Tan., 213, 222 

C. excavata Burm. f., 210-216 

C. excavata var. villosa Hook. f., 212, 216 

C. cuillauminii Tan. 210, 211, 213, 215, 228-229 

G: harmandiana (Pierre) Guill., 213, 222-223, 226 

C. harmandiana var. contracta Tan., 213, 223 

C. heptaphylla (Roxb.) Wt. & Am., 212, 213, 215, 219 

C. heptaphylla var. engleri (Tan.) Swing., 213, 220 

Cc. inaequalis (DC.) Benth., 214, 220, 226, 227 

C. indica (Dalz.) Oliv., 210, 211, 212, 215, 218-219 

C. lansium (Lour.) Skeels, 210, 211, 212, 213, 215, 216-218. 
fruit characters, 218 

C. laxiflora Quis. & Merr., 214, 215, 224 

C. lenis Drake, 210, 213, 218, 230-23] 

C. luxurians (Kurz) Swing., 211, 212, 229-230 

C. macrophylla Hook. f., 213, 215, 223 

C. mollis Merr., 214, 224 

C. papuana Lauterb., 211, 213, 227-228, 229 

C. pentaphylla (Roxb.), 210, 212, 215, 218, 235 

C. platyphylla Merr., 220 

C. suffruticosa (Roxb.) Wt. & Arn., 213, 220, 231, 235 

C. todayensis Elmer, 214, 224-225 

C. wallichii Oliv., 210, 211, 212, 229, 230 

Clanseneae (tribe: Remote Citroid Fruit Trees): general charac- 
teristics, 194-196, 235, 243; key to subtribes, 197; subtribes, 
genera, and species, 197-242 

Clauseninae (subtribe of Clauseneae: Remote Citroid Fruit 
Trees): genera and species, 205-240; general characteristics, 
195, 205-206; key to genera, 205 

Clavigero, Francisco Xavier, 24 
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Clement tangelo, 528 

Clementine mandarin: countries and states grown in, 80, 90, 92, 
102, 118, 119, 134; general characteristics, 489, 509, 510-512, 
526; juice characteristics, Spain, 130; see also Mandarin 

Clementina orange. See Westin orange 

Clementino de Nules mandarin. See Clementine mandarin 

Cleopatra mandarin, use as rootstock, 78, 80, 85, 89, 126, 153, 
525, 526 

Climate, and citrus: by country: Algeria, 91, Arizona, 77, 78, Ar- 
gentina, 155, Australia, 173-174, Brazil, 160, British Honduras, 
53-54, California, 79-80, Ceylon, 139, Chile, 164, China and 
Taiwan, 142, 143, Colombia, 172, Corsica, 139, Cyprus, 93, 
Egypt, 95, Florida, 84, Greece, 97, India, 146, Israel, 101, Italy, 
106, Jamaica, 55, Japan, 149, Lebanon, 116, Mexico, 58, 60, 
Morocco, 118-119, New Zealand, 178, Pakistan, 152, Paraguay, 
167, Peru, 167, Portugal, 123, South Africa, 180, 182, Southern 
Rhodesia, 187, Spain, 125, Surinam, 170, Swaziland, 188, 
Syria, 132, Texas, 88-89, Trinidad, 63, Tunisia, 132, Turkey, 
133, U.S.S.R., 136, 137, Uruguay, 171, Venezuela, 172, Yugo- 
slavia, 138; effect on Reticle hence: 437-439; general, 
41, 4445; and mandarins, 497, 498 

Clonal varieties: defined, 440-441; described, 441-588; bergamot 
oranges, 494-496; blood oranges, 470-477, citranges, 586-588; 
citrons, 552-557; grapefruit, 533, 534, 539-548; kumquats, 
580-584; lemons, 552, 558-572; limes, 552, 573-580; limettas, 
572-573; mandarins, 496-533; myrtle-leaf oranges, 494; navel 
oranges, 477-489; pummelos, 533-539; sour oranges, 489- 
494; sugar oranges, 464-470; sweet oranges, 442-464; trifo- 
liate oranges, 584-586, 588 

Clymenia Swingle (genus: True Citrus Fruit Trees): distribution, 
349; general characteristics, 245, 246, 280, 281, 282, 326-328, 
344, 349-350 

C. polyandra (Tan.) Swing., 253, 350 

Cobo, Bernabé, 17 

Cochin China atalantia. See Atalantia cttroides 

Colo hybrid. See Alemow, hybrid 

Colombia, citrus industry in, 172-173 

Columbia lime, 579 

Columbus, Christopher, 14-15, 558 

Common mandarins: horticultural characters, 509; varieties: 
major, 509-521, minor, 522-524; see also Mandarin 

Common oranges: horticultural characters, 442-443; classifica- 
tion, 431; varieties: major, 443-445, minor, 455-464; juice 
characteristics, Italy, 113; see also Sweet oranges 

Company navel orange, 480, 486 

Comun mandarin, 130 

Comuna oranges, 126, 130 

Comune lemon. See Femminello Ovale lemon 

Conner orange, 457 

Cook Islands, citrus industry in, 42-43, 176-177 

Cook lemon. See Eureka lemon 

Cooperative citrus exchanges, 34, 82, 150 

Coquillet, D. W., 33 

Corona Foothill Eureka lemon. See Villafranca lemon 

Corpaci lemon, 566 

Corréa de Serra, José F., 315, 415n. 

Corriente orange, 58, 60 

Corsica, citrus industry in, 139 

Corsican citron, 553, 556-557 

Cover, Thomas W., 484 

Crafts, Myron H., 27 

Craib, W. G., 192; species descriptions of, 228, 230, 238, 277, 278 

Cram, L. F., 27 

Cram navel orange. See Washington navel orange 

Cravo mandarin, 160, 512-513 

Cravo Tardia mandarin. See Ponkan mandarin 

Criolla orange, 155, 172 

Crispifolia chinotto orange, 494; see also Chinotto orange 

Croc orange, 457-458 

Crusades, and introduction of citrus to Europe, 9, 11, 558 

Cuba, citrus industry in, 22, 42-43 

Cuban shaddock, hybrid, 557 
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Cucuzzaru lemon. See Arancino lemon 

Cultivars. See Clonal varieties 

Cultivation, styles of, 57 

Curry leaf. See Murraya koenigii 

Cutter Valencia orange, 458 

Cyprus, citrus industry in, 42-43, 47-49 passim, 51, 93-94 

ay » 

Dacre orange, 458 

Daidai orange, 377; see also Sour orange 

Dalmau navel orange, 480, 482 

Damawi orange, 476 

Dancy, F. L., 20 

Dancy tangerine, 80, 84, 361, 363, 375, 497, 498, 499, 510, 512, 
513-514; hybrids, 526-531 

Darwin, Charles, 379 

Davis grapefruit, 546 

Decumana (subsection of Cephalocitrus) [Tanaka’s], 365 

Decumanoides (subsection of Citrophorum) [Tanaka's], 364-365 

De Nice orange, 469 

De Wildeman, E., species descriptions of, 308-309 

Deaver lemon. See Lisbon lemon 

Decaisne, J., species description of, 279 

Deciduous-leaved species, 194; Aegle, 243, 407, 409; Balsamo- 
citrus dawei, 415; Clausena dentata var. dulcis, 235, 407; 
C. pentaphylla, 218, 235; C. suffruticosa, 213, 231, 235; 
Feronia, 243, 416, 417; Murraya alternans, 232, 235; Pon- 
cirus, 243, 344 

Delicious orange, 458 

Delta orange, 458 

Demmi orange, 476 

Dense-leaved box-orange. See Severinia buxifolia brachytic form 

Diamante citron, 553, 554-555 

Diaz del Castillo, Bernal, 15-16 

Diller orange, 458 

Dioscorides, 5 

Disease, citrus: biological control of, 33, 34, 103; by country: 
Algeria, 92, Arizona, 79, Argentina, 153, 157, Australia, 175, 
Brazil, 51, 161, British Honduras, 55, California, 27, 33, 81-82, 
Ceylon, 140, Chile, 166, China and Taiwan, 145, Egypt, 96, 
Florida, 86, Greece, 100, India, 148, Israel, 103, Italy, 109, Ja- 
maica, 57, Japan, 150, Lebanon, 116, Mexico, 61, Morocco, 
121, Paraguay, 167, Peru, 168, Philippines, 153, 404, South 
Africa, 184-185, 546, Spain, 123, 127, Texas, 30, 89, Trini- 
dad, 64, Tunisia, 133, Turkey, 134, U.S.S.R., 138, Uruguay, 
171, Yugoslavia, 139; esarch and technology, 33-36; resist- 
ance, 373 

Diva orange, 458 

Dobashi-Beni Unshi mandarin, 505 

Doblefina orange, 92, 126, 130, 466, 471, 472 

Dolce orange. See Vainiglia orange 

Dominican Republic, citrus industry in, 42-43, 64 

Don Joao orange, 458-459 

Don Benito Wilson grove, 26 

ti oe Sanguigno Signorelli orange, 476 

Dorshapo lemon, 568-569 

Doublefine Ameliorée orange, 466, 471, 472 

Dream navel orange, 486 

Du Roi orange, 459 

Dummitt, D. D., grove, Merritt Island, Fla., 20, 21 

Duncan, A. L., 20 

Duncan grapefruit, 20, 75, 84, 85, 89, 92, 130, 541-542 

Dungan Thomson navel orange, 483; see also Thomson navel 
orange 

Duthie, J. F., species description of, 218 

Dutta, S., 363 

Dwarf Ceylon atalantia. See Atalantia rotundifolia 

Dwarf powder-flask fruit. See Aeglopsis 

Dweet tangor, 526-527 

ot ee 
ETNA firm, 110 
Earle citron, 555 
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Early shamouti orange. See Kinarti orange 

Eaton, F. M., 285-286 

Echinocttrus (Tan.) Swing., n. comb. (subgenus of Triphasia), 
259, 262 

Ecuador, citrus industry in, 42-43, 172 

Eddy navel orange. See Washington navel orange 

Egami pummelo. See Ogami pummelo 

Eggeling, William J., 414, 415 

Eggeling’s aeglopsis. See Aeglopsis eggelingti 

Egypt: citrus industry in, 42-43, 95-96; history of citrus, 2, 7, 

, 12; varieties grown, 95, 463-464, 469, 576 

Ellendale mandarin, 514 

Embryos, nucellar, 360-361, 363, 373, 440 

Emperor mandarin, 182, 514 

Empress mandarin, 522 

Encore mandarin, 514-515 

England. See United Kingdom 

Engler, Adolph: classification system of, 191-193, 359, 364-367, 
409, 412, 420; on Citropsis articulata, 306; on Glycosmis, 
206-207; species descriptions, 219, 226, 227, 233, 234 

Enterprise orange, 459 

Entrefine orange, 126, 130, 471, 472 

Eremocitrus Swingle (genus: True Citrus Fruit Trees): distribu- 
tion, 339, 340; general characteristics, 246, 254, 255, 280, 282, 
326-328, 339-340, 351, 420; hybrids, 342-344; species, 340- 
344 

Eremocitrus glauca (Lindl.) Swing., 263, 340-342, 343 

Eremolemon, hybrid, 

Eremoradia, hybrid, 344 

Eremorange, hybrid, 344 

Escalon orange, 459 

Essential oils, production of, 47, 54, 56, 58, 62, 72, 93, 100, 109, 
112, 114, 130, 131, 162, 166, 176, 187, 188, 233-234, 495, 509, 
540; see also Anis oil 

Estes, hybrid. See Rough lemon 

Ethereal oils, 221, 233-234, 375 

Etrog citron, 3, 372, 554, 555 

Euacrumen (subsection of Acrumen) (Tanaka’s], 336 

Euatalantia Swing. See Atalantia, subgenus Atalantia 

Eucitrus. See Citrus L. 

Eucitropsis. See Citropsis, subgenus Citropsis 

Eulimonellus (subsection of Limonellus) [Tanaka’s], 366 

Euosmocitrus (subsection of Osmocitrus) [Tanaka’s), 366 

Eupapeda. See Papeda (section of Papeda) 


561-562 


BOTANY OF CITRUS 


Faweett, H. S., 457, 458, 511 

Femminello bergamot, 496 

Femminello Ovale lemon, 108, 113, 562-563 

Femminello Sfusata lemon, 563 

Feronia Corréa (genus: Hard-Shelled Citroid Fruit Trees), 242, 
243, 402, 403, 415-416 

F. limonia (L.) Swing., 402, 416-417, 419 

Feroniella Swingle (genus: Hard-Shelled Citroid Fruit Trees): 
peas characteristics, 242, 402, 403, 406, 415, 416, 417-418; 

ey to species, 417; species, 418-420 

F. lucida (Scheff.) Swing., 417, 419-420 

F. oblata Swing., 417, 418, 419 

F. pubescens Tan., 417, 418-419 

Ferrari, Giovanni Battista, 11, 329, 377, 440, 580 

Fertilization, use of: Argentina, 155; California, 81; Cyprus, 94; 
E , 96; Florida, 86; Italy, 109; Japan, 150; Mexico, 60; 
South Africa, 184; Spain, 127; Texas, 89; see also Citriculture 

Fewtrell mandarin, 515 

Fiji wenzelia. See Wenzelia kambarae 

Fingered citron. See citron, Citrus medica var. sarcodactylis 

Fino lemon. See Mesero lemon 

Fisher navel orange. See Washington navel orange 

Flannagan navel orange, 486 

Flavonoids, 368, 381; see also Hesperidin 

Flood, as citrus hazard, 91, 119, 1 

Florentinus, 5 

Florida, citrus industry in: acreage, 66, 83; auction prices, 69, 
70; citriculture, 85-86; climate, 45, 84, 438, 513; development 
of industry, 20, 22-23, 456, 461; distribution, 84; freezes, 20, 
22, 23, 30, 34, 55, 84; groves: early, 20-21, 446, 450, 457, 
wild, 18-19, 20-22; introduction of citrus into, 18-20, 539- 
540; juice characteristics, 74-77, 442; marketing 86-88; pests 
and diseases, 86; production, 36, 37, 66, 68, 69, 499, 513, 
518; research on citrus problems in, 34; rootstocks used, 85; 
seed, use of, from, 28; soils, 83-84, 411, 418; varieties grown, 
84-85, 446, 449, 458, 460, 485, 486, 488, 513, 518, 529, 538, 
575 

Florida Agricultural Experiment Station, Univ. of Fla., 34, 408 

“Florida Citrus Code,” 87 

Florida Citrus Commission, 87-88 

Florida Citrus Exchange, 34 

Florida Jaffa orange, 452 

Florida State Citrus Experiment Station, Lake Alfred, 34 

Florida State Horticultural Society, 34 


Eureka lemon, 28, 76, 80, 92, 101, 120, 144, 164, 175, 286, 560, Flowering merrillia. See Merrillia caloxylon 
——Fiying D 


Eustis limequat, 336, 579-580 

Eutriphasia Swing. See Triphasia, subgenus Triphasia 

Evans, Taliesin, 25, 27 

Exports: Algeria, 90, 93; Arizona, see United States, Argentina, 
157, 158; Australia, 173, 175; Brazil, 162; British Honduras, 
54; California, see United States; Chile, 164, 166; China and 
Taiwan, 145-146; Cook Islands, 177; Cyprus, 93, 94; Egypt, 96, 
Florida, see United States; Greece, 96, 97, 100; Israel, 104, 105; 
Italy, 111, 113, 115; Jamaica, 55, 56; Japan, 150-151; Lebanon, 
117, 118; Mexico, 58, 61; Morocco, 120, 121; Mozambique, 
177; Peru, 168; South Africa, 182, 186-187; Southern Rhode- 
sia, 187; Spain, 124, 127-129, 131; Surinam, 170, 171; Texas, 
see United States; Trinidad, 62; Tunisia, 133; Turkey, 135; 
United States, 69, 70, 71, 72; Uruguay, 172; world, 43, 46, 
47, 50, 51, 52 


ee 
Fagan mandarin. See Ellendale mandarin 
Fairchild, David, 237, 412 
Fairchild mandarin, 515 
False orange. See Oxanthera Montrouzier and Oxanthera neo- 
caledonica 
Fan ch'eng-ta, 7 
Faustrimedin, hybrid, 339 
Favazzina lemon. See Femminello Sfusata lemon 
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ragon trifoliate orange, 586; see also Poncirus trifoliate 

var. monstrosa 

Folha Murcha orange, 459 

Foot rot, 55, 57, 64, 92, 127; resistance to, 302, 308 

Formosa. See Taiwan 

Fortune, Robert, 331, 580 

Fortune mandarin, 515 

Fortunella Swingle (genus: True Citrus Fruit Trees): distribution, 
328; Gaconciae 368; general characteristics, 191, 280, 282, 
326-329, 337; hybrids, 335-339; key to subgenera and species, 
330; species and hybrid oes 329-330; species described, 
330-335; species of doubtful validity, 332; subgenus Proto- 
citrus, 332-333 

F. crassifolia Swing. See Meiwa kumquat 

F. hindsii (Champ.) Swing., 260, 329, 330, 333-334, 582 

F. hindsii var. chintou Swing., 334-335 

F, japonica (Thunb.) Swing., 329, 330, 331-332, 582 

F. margarita (Lour.) Swing., 329, 330-331, 581 

F. obovata Tan. See Changshou kumquat 


F, polyandra (Ridl.) Tan., 329, 330, 332. See also Malayan 


kumquat 
Foster grapefruit, 85, 543, 544 
Foster Seedless grapefruit, 544, 546 
Foxworthy, F. W., 242 
Fragrant oxanthera. See Oxanthera fragrans Montr. 
France, and citrus, 6, 9, 139 
Franciscans, and spread of citrus to California, 24-25 
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Freezes, effect of: in Algeria, 91; Argentina, 155; Australia, 174; 
California, 80; Chile, 164; Cyprus, 94; Egypt, 95; Florida, 20, 
22, 23, 34, 84; Greece, 97; Italy, 106; Lebanon, 116; Louisi- 
ana, 30; Mexico, 58, 62; South Africa, 182, 194; Spain, 123, 
125; Texas, 30, 88, 89; Turkey, 133, U.S.S.R., 137; Yugo- 
slavia 138; see also Frost protection 

Fremont mandarin, 515 

Fresh fruit, production and consumption of, 29, 30, 43, 46, 50-53, 
56, 66-67, 69, 71, 89, 92, 93, 100, 102, 104, 109, 118, 121, 124, 
128-129, 133, 135, 145, 150-151, 157, 161, 166, 168, 171-172, 
175, 177, 178, 185, 187 

Friendly Islands, 13 

Frost, H. B., and introduction of new horticultural varieties, 459, 
463, 481, 513, 514, 516, 521-528 passim, 546, 566 

Frost Dancy tangerine, 513; see also Dancy tangerine 

Frost Eureka lemon. See Eureka lemon 

Frost Lisbon lemon, 566—567; see also Lisbon lemon 

Frost Marsh grapefruit, 546 

Frost Owari mandarin, 504 

Frost protection, 33, 34, 84, 108, 138; see also Freezes, effect of 

Frost Valencia orange, 459 

Frost Washington navel orange, 480-481 

Frua mandarin, 522 

Fruit, citrus; and climate, 438-439, 498; constancy of characters, 
437; descriptive outline, 435-437; external characters, 433- 
434; forms, 432; internal characters, 434; and rootstocks, 439; 
and soils, 439 

Fukuhara orange, 459 

Fumigation, use of, 33 

Fungus diseases, 61, 64, 293; see also Diseases 

Furr, J. R., 342-343, 363, 515 

Fuya Menuda orange, 459 
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Gabon cherry-orange. See Citr gabunensis 

Gabon pow rflask fruit. See Afraegle gabonensis 

pa ybrid, 469-470 

Gallego lemon. See Lisbon lemon 

Gallesio, Georges, 4, 5, 6, 7, 10-11, 358-359, 441 

Gama, Vasco da, 9, 10 

Gamble, J. S., 221 

Garcia, Rudolpho, 17 

Garcilaso de la Vega, El Inca, 17 

Gardner, F. E., 517, 518, 519, 521 

Garey, Thomas A., 28, 447, 462, 562 

Garey’s Mediterranean Sweet orange. See Maltaise Oval orange 

Garroway’s Australian wild lime. See Microcitrus garrowayt 

Genoa lemon, 164, 567 

Genova lemon. See Genoa lemon 

Gesualdo, Dinaro, 475 

Giant Andaman atalantia. See Atalantia macrophylla 

Giddings orange. See Boone orange 

Gillet’s cherry-orange. See Citropsis gilletiana 

Gillette navel orange, 481 

Glen mandarin. See Beauty mandarin 

Glen navel orange, 486 

Glen St. Mary Nurseries, Fla., 486, 545 

Glenn Summer orange. See Pope orange 

Glidden, Harold W., 8, 372 

Glycosmis Corréa (genus: Remote Citrus Fruit Trees): distribu- 
tion, 206; general characteristics, 205, 206, 240; key to ten spe- 
cies of, 208; list of species, tentative, 206-208 

G. arborea Corréa, 208 

G. angularis Elmer, 207 

G. bifocularis Thwaites, 207 

G. bonii Guillaumin, 207 

G. boreana Narayanaswami, 207 

G. chlorosperma Blume, 207; Spreng., 208 

G. citrifolia (Willd.) Lindl., 206, 207, 208-209 

G. clemensii Tanaka, 207 

G. craibti Tanaka, 207 

G. crassifolia Ridley, 207 


Google 


599 


G. cyanocarpa (Blume) Spreng., 207, 208 

G. dinhensis Pierre, 207. 

G. elata Ridley, 207 

G. erythrocarpa Hayata, 207 

G. esquirolii (Lév.) Tanaka, 207 

G. greenti Elmer, 207 

G. acsolata Kurz., 206; Spreng., 208 

G. lindleyana Swing., 207 

G. longipes (Craib) Tanaka, 207 

G. macrantha Merr., 206 

G. macrocarpa Wight, 207 

. macrophylla (BI.) Miquel, 207 

malayana Ridley, 207 

. mauritiana (Lam.) Tanaka, 207 

. montana Pierre, 207 

monticola Ridley, 207 

. oliveri Stapf, 207 

G. ovoidea Pierre, 207 

G. parkinsonti Tanaka, 207 

G. parva Craib, 207 

G. pentaphylla (Retz.) Corréa, 207-208 

G. pierrei Tanaka, 207 

G. platyphylla Merrill, 207 

G. pseudoracemosa (Guill.) Swingle, 207 

G. puberula Lindley, 207, 208 

G. rupestris Ridley, 207 

G. sapindoides Lindley, 207 

G. singuliflora Kurz, 207, 208 

G. tomentella Ridley, 207 

G. trifoliata Spreng., 208 

G. triphylla Wight, 208 

G. winitii Craib, 207 

Golden-bean kumquat. See Fortunella hindsit var. chintou 

Golden Buckeye navel orange. See Buckeye navel orange 

Goldsmith’s lime. See Limonellus aurarius 

Grano de Oro orange. See Sucrena orange 

Grant mandarin. See Ellendale mandarin 

Grapefruit: auction prices, U.S., 69, 70, 87; flavonoids, 368, 384; 
as fresh fruit, 50; fruit characters, 433-434; history of, 14 
20, 383, 539, 540; horticultural characters, 534, 539-540; clas- 
sification, 431, 432, varieties (common), 540-543, 545-546, 
(pigmented), 543-546, sce also Pummelo; hybrids, 384, 547— 

8; industry: Algeria, 90, 92-93, Arizona, 77, 78, Argentina, 

153, 155, Australia, 173, 176, Brazil, 158, 160, 162, British Hon- 
duras, 53, 54, California, 79, 81, 82, Cook Islands, 176, Corsica, 
139, Cyprus, 93, Egypt, 95, 96, Florida, 22-23, 83-87 passim, 
India, 146, Israel, 101, 102, 104, 105, Italy, 106, Jamaica, 55- 
57, Lebanon, 116, 117, 118, Malaya, 152, Mexico, 57, 58, 61, 
Morocco, 120, 121, 122, Mozambique, 177, New Zealand, 177, 
178, Pakistan, 152, Paraguay, 167, Peru, 167, 168, Portugal, 
123, Puerto Rico, 30, South Africa, 180, 182, 186, Southern 
Rhodesia, 187, 188, Spain, 123-129 passim, Surinam, 168, 170, 
Swaziland, 188, Texas, 88-89, Trinidad, 62, 63, 64, Turkey, 
133, United States, 64-73 passim, Vey 171, Venezuela, 
172; pat and byproduct production, Algeria, 93, C , 93, 
94, Florida, 540, Israel, 105, Morocco, 122, South Africa, 187, 
Spain, 130, Surinam, 171, Texas, 90, Tunisia, 132, United 
States, 75-77 passim, world, 48, 49, 540; production, world, 
42, 44, 51, 52, 540 

Greathead navel orange, 486 

Greece, citrus industry in: acreage, 96; citriculture, 98, 100; cli- 
mate, 97; distribution, 96-97, 98; exports, 51, 52; juice compo- 
sition, 47, 49, 99; marketing, 100; pests and diseases, 100; pro- 
duction, 42—43, 51; varieties grown, 97-98 

Greeks, and spread of citrus, 2, 3, 4, 553 

Gregg Nursery, Calif., 481 

Groff, G. W., 285, 381, 398, 538 

Grosse Sanguine orange. See Doublefine Ameliorée orange 

Guillaumin, A., 192, 325, 418; species descriptions of, 201, 214, 
219, 225, 230, 235, 239, 240, 257, 273-274, 275-276, 320, 325 

Guntur Sour Orange. See Kitchli 

Gynophore in Clausena, 210, 214-229 passim, 231 
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Pee: pee 

Hadar, 4, 553 

Hainan atalantia. See Atalantia hainanensis 

Haines, H. H., species description of, 202 

Haiti, 15, 16 

Hall, George R., 500 

Hall lemon. See Lisbon lemon 

Hamlin orange: and climate, 438; countries grown in, 54, 74, 84, 
85, 92, 119, 120, 139, 156, 160, 163; horticultural characters, 
445-446; juice characteristics, Brazil, 163, Morocco, 122, Spain, 
130, United States, 74 

Han Yen-chih, 2, 12, 329, 333-334, 440, 580, 585 

Hansen mandarin, 523 

Hard-Shelled Citroid Fruit Trees. See Balsamocitrinae (Aegle, 
fee opts Afraegle, Balsomocitrus, Feronia, Feroniella, Swin- 

) 


Harris. A. J., 18 

Hart's Tardiff orange. See Valencia orange 

Harward Late orange, 454, 459; see also Valencia orange 

Hassaku pummelo-mandarin, 548-549 

Hatch, A. T., 29 

Hawaii, 28, 30, 64 

Hayashi mandarin, 503 

Hayata, B., 378, 386 

Hearne mandarin. See Ellendale mandarin 

Heat, as citrus hazard, 143, 146-147 

Henninger, A. E., 544 

Henry, A. R., 29 

Henry’s atalantia. See Atalanta racemosa var. henryi Swing. 

Herbert, Sir Thomas, 12 

Heslop-Harrison, J., 369 

Hesperethusa Roem. (genus: Primitive Citrus Fruit Trees): dis- 
tribution, 299; general characteristics, 242, 280, 281, 282, 283, 
299-300, 405 

H. crenulata (Roxb.) Roem., 299, 300-301, 314 

Hesperidin, 372, 373, 375, 380 

Hickson mandarin, 523 

Highgrove citremon, 347 

Hil lemon. See Galgal, hybrid 

Hime kumquat. See Hongkong kumquat 

Hirado pummelo, 536 

Hirakishu mandarin, 525 

Hiryo trifoliate orange, 586 

Hitmali orange. See Khettmali orange 

Hochreutiner, B. P. G., 268, 318 

Hodgson, R. W., 363 

“Hog Shaddock” rootstock, 55 

Hoja Pequena orange. See Fuya Menuda orange 

Homosassa orange, 84, 446 

Honey mandarin, 523 

Hong Chieh mandarin, 142, 144 

Hongkong wild kumquat, 580, 582-583; see also Fortunella 

Hooker, J. D., 192, 359, 371, 418; species descriptions of, 212, 
214, 219, 223, 229, 273, 275, 319, 321, 324, 417 

Hooker, Sir Joseph, 220, 235 

Horticultural characters, 432-437; constancy of, 437; classifica- 
tion, 431-433, 440-441; climatic effects, 437-439; rootstock ef- 
fects, 439; soil influences, 439; varietal definitions and limita- 
tions, 439-441; varieties described, 441-588 

Horticultural Research Station, Okitsu, Japan, 503, 505, 537 

Hu, C. C., 377, 390, 391 

Hubbard, E. S., 488 

Hubbard, H. G., 34 

Hume, Sir Abraham, 497 

Hume, H. H., 280n. 329, 441; species descriptions of, 331, 332 

Hurricanes, problems of, 54, 55, 84, see also Wind, as citrus 
hazard 

Hutchinson, J., classification svstem of, 191 

Hwang Chieh mandarin, 142 

Hwang Kno orange, 142, 143, 144 

Hybrids: bigencric, 336-338, 343-344, 347-348; of Citrus, 359- 
368, 420; of C. celebica, 395; of C. ichangensis, 388, 389-392; 
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of C. macroptera, 397-398; of C. tachibana, 386; of Eremocit- 
rus, 342-344; of Fortunella, 335-339, 583-584; intrageneric, 
335-336; of lemon, 373-374, 572-573; of lime, 579-580; of 
mandarin, 382; of Microcitrus, 353, 355; of Poncirus, 347-349, 
586-588; of sour orange, 378; of sweet orange, 380-381; tri- 
generic, 338-339, 344, 348 

Hyonkan orange, 378; see also Sour orange 

Hytiganatsu, pummelo-like fruit, 551 


a, 

Iaffaoui Maourdi orange, 476 

Iaffaoui Moghrabi orange. See Shamouti Meski orange 

Ibn-al-Awam, 8-9 

Ibn al-Baitar, 9 

Ibn Wahshiyah, 8 

Ichandarin, hybrid, 389; see also Citrus ichangensis 

Ichang lemon, hybrid, 360, 385, 388, 390-392; see also Citrus 
ichangensis 

Ichang papeda. See Citrus ichangensis 

Idemor lime, 578 

Ikeda mandarin, 502; see also Satsuma mandarin 

Ikiriki mandarin, 502; see also Satsuma mandarin 

Ikongu cherry-orange. See Citropsis latialata 

Imperial grapefruit, 546 

Imperial mandarin, 516 

Imperial orange. See Sucrefia orange 

Imports: by products, various countries, 72-73, 122, 139, 153, 
172, 175-176; fresh fruit, various countries, 50, 51, 61, 70, 71, 
104, 105, 113, 115, 121, 128-129, 131, 133, 135, 137, 139, 145, 
146, 150, 151, 153, 157, 162, 168, 172, 177, 178, 186 

India, citrus industry in: acreage, 146; citriculture, 148, 520-521; 
climate, 146; distribution, 146, 147; marketing, 148; pests and 
diseases, 148; production, 42-43, 146, 148; varieties grown, 
146, 147-148, 447, 448, 451, 472, 493, 516, 520, 523, 525, 568, 
570, 576, 578; and history of citrus, 3, 7, 10, 12, 17, 146; and 
wampee, 211, 221 

Indian atalantia. See Atalantia monophylla 

Indian bael fruit. See Aegle Corréa 

Indian liana-lime. See Luvunga scandens 

Indian paramignya. See Paramignya 

Indian River, Fla., 19, 84, 87 

Indian sour lime, 552 

Indian sweet lime, 578-579 

Indian wampee. See Clausena dentata var. dulcis 

Indian wild orange. See Citrus indica 

Indian wood apple. See Feronia 

Indo-China feroniella. See Feroniella oblata 

Inglesa orange. See Entrefina orange 

Interdonato lemon, 108, 134, 563 

Intermedia (subsection of Cephalocitrus) [Tanaka's], 366 

International Code of Botanical Nomenclature, 391-392 

Iran, citrus industry in, 42-43 

Iraq, 7, 8 

Irrigation, use of: Algeria, 92; Arizona, 78; Argentina, 155; Aus- 
tralia, 175; California, 81; Ceylon, 139; Chile, 164; China and 
Taiwan, 145; Cyprus, 94; Egypt, 95; Florida, 86; Greece, 100; 
India, 148; Israel, 102; Italy, 108, 109; Jamaica, 57; paper 
150; Lebanon, 116; Mexico, 58, 60; Morocco, 120; Pakistan, 
152; Peru, 167; Portugal, 123; South Africa, 182-184; South- 
ern Rhodesia, 187; Spain, 126; Swaziland, 188; Texas, 89; Tu- 
nisia, 132; Turkey, 134; Yugoslavia, 138; see also Citriculture 

Isaac, Erich, 3, 4, 6 

Iseki mandarin, 502 

Isert, P. E., 305 

Ishikawa mandarin, 503, 504 

Israel, citrus industry in: acreage, 101, 102; citriculture, 101-102; 
climate, 101, distribution, 101; juice production, 47, 48, 49. 
marketing, 104-106; pests and diseases, 103-104; production, 
42-43, 50, 51, 52, 101, 104, 105; varieties grown, 101, 102, 
460, 555 

Italian citron. See Diamante citron 

Italian Lunario lemon, 92 
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Italy, citrus industry in: acreage, 106, 108, 115; byproducts and 
processing, 112-116 passim, 495; citriculture, 108, 109; climate, 
106; distribution, 106, 107; fresh fruit, 109-113 passim; juice 
production, 47, 49, 50, 110, 112, 113; lemon exports He va- 
rieties, 50, 108; marketing, 109-110; pests and diseases, 109; 
production, 42—43, 51, 52, 106, 111, 113, 560; varieties grown, 
106, 108-109, 445, 469, 471, 477, 494, 495, 555; history of cit- 
rus, 2, 5-6, 9, 10, 12 

Ivory Coast cherry-orange. See Citropsis mirabilis 

Iyo tangor, 531 
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Jackson, C. P., 518 

Jackson grapefruit, 546 

Jaffa orange, 84, 446, 461; see also Shamouti orange 

Jamaica: citrus industry in, 55-57; production, 42-43, 49, 51, 52, 
55, 56; varieties grown, 518-519, 530; and history of citrus, 13, 
19, 539 

Jamberi lemon, 9; see also Rough lemon 

Jambila, 3 

Jameson lemon. See Lisbon lemon 

Japan, citrus industry in: acreage, 148, 150, 488; citriculture, 150, 
501; climate, 149; distribution, 149; imports of fresh fruit, 71, 
150-151; marketing, 150-151; pests caldieaes 150; produc- 
tion, 42-43, 48, 51, 52, 148-149, 150, 501, 549; varieties 
grown, 149-150, 459, 488, 502-505, 536, 537, 549, 551-552, 
582; and mandarin orange, 12, 148-151, 499, 500-502, 508 

Java, 538 

Java feroniella. See Feroniella lucida 

Java orangeaster. See Pleiospermium dubium 

Jericho citron. See Etrog citron 

Johnstone Valencia orange, 460 

Jews, and spread of citrus, 3, 4, 553 

Joppa orange, 446-447, 459 

Jordan orange, 460 

Juel’s method, use of, 211, 256, 281, 300n., 309, 312, 313 

Juice, characteristics: defined, 40-41; in various countries: Ari- 
zona, 74, 75, 76, Argentina, 158, Australia, 173-176, Brazil, 
163, California, 74, 75, 76, Florida, 74, 75, 76, Greece, 99, 
Israel, 103, Italy, 113, Mexico, 60, Morocco, 122, South Africa, 
187, Spain, 130, Texas, 74, 75, Tunisia, 132, United States, 74- 
76; concentrates, 34, 47-50, 559; production: Algeria, 92, 93, 
Argentina, 157-158, Australia, 175-176, Brazil, 162-163, 
British Honduras, 54, 55, California, 82, Chile, 166, China and 
Taiwan, 144, 145, 146, Cook Islands, 177, Cyprus, 93, 94, 
Egypt 96, Florida, 83, 87, Greece, 99, 100, Israel, 103, 105, 
Italy, 110, 112, 113, 115, Jamaica, 55, 56, Lebanon, 118, 
Mexico, 58, 60, 62, 73, Morocco, 121, 122, South Africa, 186— 
187, Southern Rhodesia, 187, 188, Spain, 130, 131, Surinam, 
171, Texas, 89, Trinidad, 62, Tunisia, 132, United States, 64— 
69 passim, 72-77 passim, Uruguay, 172, Venezuela, 172, world, 
47, 48, 49 

Juman Unshd mandarin, 505 


=k =. 
K-Early tangelo, 547 

Kabusu bitter orange, 492 

Kabuyao, hybrid, 395 

Kalpi. See Webber's Philippine hybrid 
Kansi, hybrid, 397-398 

Kao Pan pummelo, 536-537 

Kao Phuang pummelo, 537 

Kara mandarin, 80, 504, 516 

Karna, hybrid, 570 

Karna Khatta. See Karna 

Karystini lemon, 98, 99 

Kaula mandarin, 523 

Kawano, hybrid. See Natsudaidai, hybrid 
Kaweah lemon. See Lisbon lemon 
Keller, Mathew, 27 

Keonla mandarin. See Kaula mandarin 


Kerr, A. F. G., 398 
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Kerr’s atalantia. See Atalantia roxburghiana var. kerrii 

Kerr's Thailand papeda. See Citrus macroptera var. kerrii 

Key lime, 574; see also West Indian lime 

Khalily White orange. See Shamouti Masry orange 

Khasi Hills atalantia. See Atalantia simplicifolia 

Khasi papeda. See Citrus latipes 

Khatta Nimbu, hybrid. See Karna, hybrid 

Khettmali orange, 447 

Kikudaidai bitter orange, 492 

Killermann, S., 2 

Kimball, F. A., 27 

Kinarti orange, 460 

King, G., species descriptions of, 203, 275 

King mandarin, 380-381, 382; horticultural characters, 497, 505- 
507, 526; classification, 432 

Kingsley, Zaphaniah, 20 

Kinkoji, pummelo-like fruit, 551 

Kinnereth orange. See Kinarti orange 

Kinokuni mandarin, 525 

Kinnow mandarin, 80, 516 

Kino, Father Eusebio, 23~24 

Kinukawa, pummelo-like fruit, 552 

Kitchli sour orange, 493 

Klee, W. J., 33 

Koebele, Albert, 33 

Kokni mandarin, 525 

Koorders, S. H., 199, 419 

Kosho Tankan mandarin: See Tankan mandarin 

Kozhin, A. E. 361 

Krukoff, B. A., 242 

Ksiri orange, 460 

Kumaon lemon. See Galgal, hybrid 

Kumqguat: in China, 142-144 passim; flavonoids, 368; fruit char- 
acters, 433-434; horticultural characters, 580-581, classifica- 
tion, 431, 433, hybrids, 583-584, varieties, 581-583; see also 
Fortunella 

Kunenbo mandarin, 497, 506 

Kurz, S.: classification of Glycosmis, 207-208; s 
of, 202, 203, 231, 233, 234, 235, 237, 269, 31 

Kurztrieben (leaf spurs): in Citropsis daweana, 314; in Hespera- 
thusa, 301 

Kusaie Rangpur lime, 532 

Kusner lemon, 567 

Kwangtung atalantia. See Atalantia roxburghiana var. kwangtun- 
gensis 

Kwatta 202 orange, 170 

Kwok Wa-shau, 373, 377 
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Ladu mandarin, 523 

Lakeland limequat, 336, 579-580 

Lakeland Nursery Company, Fla., 542 

Laos, citrus in, 153 

Lamb orange, 460 

Lambert Eureka lemon, 567 

Lapithos lemon, 94 

Laranja Cravo mandarin. See Cravo mandarin 

Laranja Lima orange, 160, 163 

Large Chinotto orange, 494; see also Chinotto orange 

Large-fruited acid limes, 576 

Large-Fruited Remote Citroid Fruit Trees. See Merrilliinae 

Large-leaf Australian wild lime. See Microcitrus inodora 

Large-leaf oxanthera. See Oxanthera neo-caledonica 

Large Round kumquat. See Meiwa kumquat 

Las Casas, Bartolomé de, 15 

Late Shamouti orange, 460; see also Shamouti orange 

Laufer, Bertold, 8 

Lauterbach, C.: species descriptions of, 227-228, 249, 251, 252, 
253, 254, 269, 289 

Lawrence, G. H. M., 362 

Le Testu’s cherry-orange. See Citropsis le-testui 

Leather-head sour orange, 377; see also Sour orange 
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Lebanon: citrus industry in, 42-43, 51, 116~118; varieties grown 
in, 116, 476, 567 

Ledig lemon. See Lisbon lemon 

Lee mandarin, 517 

Lemandarin, hybrid, 373-374 

Limettas, 572-573 

Lemon: auction prices, U.S., 70; boron, tolerance to, 285-286; by- 
products, 560, see also juice; flavonoids, 368; fruit characters, 
433-434; history of, 1-3, 6-10, 15-18, 24, 372, 558; horticul- 
tural characters, 552, 558-561; classification of, 431, 432; varie- 
ties, 561-569 (lemon-like varieties), 569-572 (limettas), 572— 
573; hybrid origin, possible, 363, 368-369, 373; hybrids of, 373- 
374; industry: Algeria, 90-93 passim, Arizona, 77, 78, Argen- 
tina, 153, 155-157, Arizona, 77, Australia, 173, 175, Brazil, 
158, 160, 162, 163, California, 27, 28, 70, 79-82 passim, 558- 
559, Chile, 164, 166, China and Taiwan, 143, 144, Cook 
Islands 176, Corsica, 139, Cyprus, 93, Egypt, 95, Florida, 83, 
85, Greece, 96-100, India, 146, 148, Israel, 101, 102, 104, 105, 
Italy, 106, 109-114, Japan, 149, 151, Lebanon, 116-118, Ma- 
laya, 151, Morocco, 120, 121, Mozambique, 177, New Zealand, 
177, 178, Pakistan, 152, Paraguay, 167, Portugal, 123, South 
Africa, 180, 182, 186, Southern Rhodesia, 187, Spain, 123-129, 
passim, Surinam, 170, Swaziland, 188, Syria, 131, Tunisia, 
132, 133, Turkey, 133-135, U.S.S.R., 136, 138, United States, 
64-73 passim, 560, Uruguay, 171, Venezuela, 172; juice char- 
acteristics, Arizona, 76, Brazil, 163, California, 76, Chile, 166, 
Florida, 76, Greece, 99, Italy, 113, Spain, 130, Tunisia, 132, 
United States, 76; juice production, Algeria, 49, Arizona, 68, 
Argentina, 49, Brazil, 163, California, 68, Cyprus, 49, 94, 
Greece, 49, Israel, 49, 105, Italy, 49, 50, 112, 115, Jamaica, 49, 
Lebanon, 118, Morocco, 49, Southern Rhodesia, 49, Tunisia, 
49, United States, 49, 68, 72, 559-560, world, 48-50; produc- 
tion, world, 42, 44, 50-52 

Lemon Martin, 374, 401 

Lemonange, hybrid, 373 

Lemonime, hybrid, 373, 579, 580 

Leng navel orange, 481-482 

Letaba orange, 460 

Lewis, Judge Joseph, 28 

“Li Sao,” 2 

Libya, citrus industry in, 139, 476 

Liguria, Italy, 6, 9, 10, 106 

Lima orange, 469, 470 

Lime: auction prices, U.S. 70; citriculture, 574; fruit characters, 
433-434; history of, 9, 11-12, 17-19, 374, 573; horticultural 
characters, 552, 573-575; classification, 431, 433; varieties, 
575-579; hybrids of, 374, 579-580; industry: Arizona, 77, 
Australia, 173, California, 27-28, Ceylon, 140, Egypt, 95, Flor- 
ida, 83-86 passim, India, 146, Italy, 106, Jamaica, 56, Lebanon, 
116, Malaya, 151, Mexico, 57, 58, 61, 73, Pakistan, 152, Peru, 
168, Spain, 123, Trinidad, 63, United States, 67, 70, world, 42, 
44, 574; juice, 76, 77; see also Citrus aurantifolia; Fortunella, 
hybrids of; Lemonimes 

Limeberry. See Triphasia Lour. 

Limequat, hybrid, 332, 336, 338, 579-580 

Limetta, hybrid, 572-573 

Limetta de Tunisie. See Mediterranean Sweet Limetta 

Limnocitrus Swing. (genus: Primitive Citrus Fruit Trees): distri- 
bution, 297; general characteristics, 281, 282, 283, 290, 297, 
405; species, 297-299 

L. littoralis (Miq.) Swing., 297-299 

Limoncello. See Mediterrancan Sweet Limetta 

Limoneira 8A lemon. See Lisbon lemon 

Limonellus (section of Archicitrus) | Tanaka's], 365 

Limonellus aurarius, 394 

Limoni, bloom of Jemon, 108 

Limonia, abandoned as venus, 235, 415n. 

L. acidissima L., 415n. — 

L. lacourtiana De Wild. See Citropsis gabunensis var lacourtiana 

L. monophylla 1. See Atalantia ceylonica and A. monophylla 

L. preussii Engl. See Citropsis articulata 

Limonoides (subsection of Citrophorum) [Tanaka's], 364 
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Limoun Boussera. See Marrakech Limonette 
Ling wa’'t tai ta, 8 

Lisa orange, 58, 60 

Lisbon lemon, 76, 80, 92, 286, 560, 563, 564-565 
Liu Cheng orange, 142 


Lo Porto lemon, 567 
Loiseleur-Deslongchamps, J. L. A., 359 
Los Angeles, Calif., 26, b , 29 

Louisiana, 30, 66, 462 

Loureiro, J. de, species description of, 331 
Lii Pu-wei, 390 


Lue Gim Gong orange, 84, 85, 155, 156, 454, 460; juice charac- 
teristics, Brazil, 163, Spain, 130; see also Valencia orange 

Lunan, J., 383-384 

Lunario lemon, 567 

Lushington, A. W., 192, 360 

Luvunga Buch.-Ham. (genus: Minor Citroid Fruit Trees): distri- 
bution, 265; general characteristics, 243, 244, 245, 264-266, 
270, 283, 405; key to species, 264; species, 266-270, imperfect- 
ly known, 269-270 

L. angustifolia (Oliv.) Tan., 264, 267-268 

L. borneensis Hochr., 264, 268 

L. calophylla Kurz, 264, 269-270 

L. crassifolia Tan., 264, 266-267 

L. eleutherandra Dalz., 264, 267 

L. motley Oliv., 264, 268 

L. nitida Pierre, 264, 267 

L. papuana Lauterb., 264, 269 

L. philippinensis Merr., 264, 268-269 

L. sarmentosa (Blume) Kurz, 264, 266, 268 

L. scandens (Roxb.) Buch.-Ham., 264, 265, 266, 267 

L. tavoyana Lindl. ex. Oliv., 264, 270 

Luzon paramignya. See Paramignya longipedunculata 

Lynch, S. J., 408 


a) 

McCarty grapefruit, 546 

McClure, F. A., 285 

Macetera orange, 447 

Magee, H. S., 506, 507 

Maglene lemon, 98, 99 

Magnolia Orange Grove, La., 462 

Magnus, Albertus, 7 

Maiden’s Australian wild lime. See Microcitrus maideniana 

Makino, T., species descriptions of, 385 

Mal secco disease, 109 

Malay ghost-lime. See Burkillanthus and B. malaccensis 

Malaya, citrus industry in, 42-43, 71, 151-152, 242 

Malayan atalantia. See Atalantia roxburghiana 

Malayan kumquat, 583; see also Fortunella polyandra 

Malta, 12 

Malta orange, 147, 152, 447 

Maltaise Blonde orange, 447 

Maltaise Boukhobsa orange, 476 

Maltaise Meski orange, 470 

Maltaise (Maltese) Oval orange, 92, 132, 447 

Maltaise Sanguine orange, 471, 472-473, 476 

Malti lemon, 567 

Malvasio mandarin, 523 

Mame kumquat. See Hongkong kumquat 

Mandalina mandarin, 523 

Mandarin orange: auction prices, U.S., 70, 87; classification, Ta- 
naka’s system of, 363; flavonoids, 368; fruit characters, 433- 
434, 498; history of, 2, 12, 18, 146, 497, 508; horticultural char- 
acters, 496-502; classification, 431, 432; groups, 497, 499-502, 
505-506, 509, 524-526; varieties, 502-526; mandarin-like 
fruits, 531-533; hybrids of, 380-382, 526-531; industry: Al 
geria, 90, 92, Arizona, 77, 78, Australia, 173, 175, Brazil, 158, 
160, California, 79, 80, China and Taiwan, 142-146 passim, 
Cook Islands, 176, Corsica, 139, Cyprus, 94, Egypt, 95, 96, 
Florida, 84, 85, 499, Greece, 100, India, 146, 147, Israel, 102, 
Italy, 106, 108, 110, 111, 113, Japan, 148-151, 499, Lebanon, 
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117, Malaya, 151, Mexico, 57, 58, 60, Morocco, 118, 120, New 
Zealand, 178, Pakistan, 152, Paraguay, 167, Peru, 167, Philip- 
pines, 153, Portugal, 123, Spain, 123-127 passim, 129, Tunisia, 
132, Turkey, 133, 134, 135, U.S.S.R., 136, 138, United States, 
71, Uruguay, 171, Venezuela, 172, world, 42, 44, 51, 52, 499, 
508; nucellar strains of, 361; see also Citrus reticulata Blanco 

Mandarin-lime group, 368 

Maouardi Beladi orange, 471, 476 

Marcovitch, B. B., 363 

Marloth, R. H., 461, 522 

Marmalade, 17, 176, 187, 489-490 

Marrakech limonette, 572-573 

Marrs orange, 447—448, 458 

Marsh Seedless grapefruit: countries grown in: Algeria, 92, Ar- 
gentina, 155, Australia, 175, California, 80, Cyprus, 94, Egypt, 
95, Florida, 85, Israel, 101, Jamaica, 55, Mexico, 58, Morocco, 
120, South Africa, 180, Spain, 126, Surinam, 170, Texas, 77, 89, 
Trinidad, 63, Turkey, 134; horticultural characters, 541, 542, 
545; juice characteristics, Argentina, 158, Morocco, 122, South 
Africa, 187, Spain, 130, United States, 75 

Martinez, Bartolomé, 18 

Marumi kumquat, 580, 581, 582 

Matlack, M. B., 381 

Mato pummelo, 537 

Matsuyama mandarin, 502 

Mauritius papedo. See Citrus hystrix 

Mawardi orange, 116 

Mays grove, Orange Mills, Fla., 20 

Mazizi orange. See Yousef Solimon orange 

Mazoe lemon, 9; see also Rough lemon 

Media, 3, 5 

Median apple. See Citron, history of 

Medioglobosa (subsection of Aurantium) [Tanaka's], 365 

Mediterranean area, citrus industry in, 42-43, 45, 46, 47, 49, 50, 
90-139 

Mediterranean fruit fly, 64, 86, 103, 109, 112 

Mediterranean mandarin, 134, 160, 432, 497, 498, 507-509 

Mediterranean sweet limetta, 572, 573 

Mediterranean Sweet orange, 28, 58, 447, 460-461, 462 

Meek lemon. See Eureka lemon 

Megacarpa (subsection of Limonellus) [Tanaka's], 364 

Mei Chieh mandarin, 142 

Meiwa kumquat, 330, 335, 582 

Melanesian papeda. See Citrus macroptera 

Melanose fungus, 61, 64 

Melarosa bergamot, 496 

Mency tangor, 527 

Menéndez, Pedro, 18 

Merope Roem. (genus: Minor Citroid Fruit Trees), distribution, 
258; general characteristics, 243, 244, 245, 258, 297, 299 

Merope angulata (Willd.) Swing., 258-259, 289 

Merrill, E. D., 192, 381; species descriptions of, 224, 238, 246, 
260, 268-2869, 287-288, 289, 322 

Merrillia Swing. (monotypic genus: Large-Fruited Remote Citroid 
Fruit Trees), 196, 240-241, 403 

M. caloxylon (Ridl.) Swing., 196, 241-242 

Merrilliinae (subtribe of Clauseneae: Large-Fruited Remote Cit- 
roid Fruit Trees), 195, 240; genus and species, 240-242 

Mesero lemon, 130, 565 

Meski orange, 470 

Mesopotamia, 2, 3, 4 

Metacitrus (subgenus of Citrus) [Tanaka's], 366-367 

Methyl anthranilate. See Neroli oil 

Mexican fruit fly, 55, 61 

Mexican lime. See West Indian lime 

Mexico, citrus industry in: acreage, 57, 58; citriculture, 60-61; 
distribution and climate, 58-59; fresh fruit exports, 29, im- 
ports, 71, introduction of citrus into, 15-16, 24; juice and proc- 
essing, 47, 62, 73; marketing, 61-62; pests and diseases, 61, 
production, 42-43, 51, 57, 58, 60; seed, use of, 28; va- 
ricties grown, 58, 60, 459, 576 

Meyer, Frank N., 373, 390, 571 
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Meyer lemon, 92, 144, 178, 373, 571 

Michel, Etienne, 359 

Microacrumen (subsection of Acrumen) [Tanaka’s}, 366-367 

Microcitrus Swingle (genus: True Citrus Fruit Trees): distribu- 
tion, 350; general characteristics, 246, 254, 282, 326-328, 350- 
351; hybrids of, 353, 355; key to species, 353; species, 352-358 

M. australasica (F. Muell.) Swing., 352-353 

M. australasica var. sanguinea (F. M. Bail.) Swing., 353 

M. australis ( Planch.) Swing., 351, 353-355 

M. garrowayi (F. M. Bail.) Swing., 352, 353, 355-356 

M. inodora (F. M. Bail.) Swing., 351, 353, 356 

M. maideniana (Domin) Swing., 351, 353, 356-357 

M. warburgiana (F. M. Bail.) Tan., 351, 353, 357-358 

Micromelinae (subtribe of Clauseneae: Very Remote Citroid Fruit 
Trees), 195, 197; genus, 197—199; species, 199-205 

Micromelum Blume (genus: Very Remote Citroid Fruit Trees): 
distribution, 197-198; general characteristics, 196-199; key to 
species, 199; species described, 199-205, problem in, 198-199 

M. ceylanicum Wight, 199, 201-202, 237 

M. compressum (Blanco), 199, 200 

M. compressum var. inodorum (Blume), 200 

M. diversifolium Mig., 199, 204-205 

M. diversifolium var. cuneata Migq., 205 

M. falcatum (Lour.), 199, 201 

M. hirsutum Oliv., 199, 202—203 

M. integerrimum (Buch.-Ham.), 199, 202 

M. minutum, 199, 204 

M. minutum var. curranii (Elm.) Tan., 204 

M. minutum (Forst.), 203 

M. minutum var. intermedium, 201 

M. minutum var. tomentosum Tan., 203-204 

M. pubescens Blume, 199-200, 205 

M. scandens Rechinger, 199, 200-201 

Midknight orange, 461 

Miho mandarin, 503 

Milam, hybrid. See Rough lemon 

Mill Tsen, 216-217 

Millsweet limetta, 572, 573 

Minneola tangelo, 80, 498, 528-529 

Minor Citroid Fruit Trees. See Triphasiinae (Luvunga, Merope, 
Monanthocitrus, Oxanthera, Pambuvas Paramignya, Triphasia, 
and Wenzelia) 

Miguel, F. A. W., species descriptions of, 205, 225-226, 297-298 

Mission San Buenaventura, 25 

Mission San Diego, 24, 25 

Mission San Gabriel, 25-26, 28 

Mission San Luis Rey, 25 

Missions and spread of Citrus, 24-26 

Mitha nimbu. Gee Indian lime 

Miyagawa mandarin, 501, 503 

Miyazaba, B., 376 

Moanalua pummelo. See Tahitian pummelo 

Moghrabi orange, 116 

Mohéli Island, 12 

Mohn, Pearl C., orchard, 455 

Mohn orange. See Armstrong orange 

Moli kurikuri, hybrid, 397 

Moli moli. See Wenzelia kambarae 

Monachello lemon, 108, 113, 565 

Monanthocitrus Tan. (genus: Minor Citroid Fruit Trees): distribu- 
tion, 252; general characteristics, 243, 244, 245, 246, 249, 251- 


, 390 
M. cornuta (Lauterb.) Tan., 251, 253-254 
Monograph on the Oranges of Wén-chou, Chekiang, 2, 12, 585 
Monreal mandarin, 511, 512 
Monroe lemon. See Lisbon lemon 
Montrouzier, Father, 396; species descriptions of, 255, 395 
Marlotte orange. See Doblefina orange 
Moro orange, 108, 113, 467, 471, 473 
Moroccan Limetta. See Marrakech Limonette 
Morocco, citrus industry in: acreage, 118, 120; citriculture, 120, 
498, 512; climate, 118-119, 120; distribution, 118-120; mar- 
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keting, 121-122; pests and diseases, 121; production, 42-43, 
47, 48, 49, 51, 52, 118, 121, 512; varieties grown, 119-120, 
445, 460, 464, 472, 481 

Morrison, hybrid. See Poorman Orange, hybrid 

Mosambi orange, 448 

Moscatello lemon. See Monachello lemon 

Moscoso, C. G., 548 

Moss orange, 461 

“Mother Orange Tree,” 28, 29 

Mozambique, citrus industry in, 42-43, 177 

Mozambique cherry-orange. See Citropsis daweana 

Mucilage glands: of Aeglopsis, 406; of Swinglea, 401, 403, 405 

Muden orange, 461 

Murcott tangor, 83, 85, 517-518 

Murraya Koenig ex Linn. (genus: Remote Citroid Fruit Trees): 
distribution, 231; general characteristics, 205, 231-232; key to 
species, 232; species described, 232-240, of uncertain relation- 
ships, 239-240 

M. alata Drake, 232, 235 

M. alata var. hainanenis Swing., 235, 237 

M. alternans (Kurz) Swing., 232, 234-235 

M. crenulata (Turcz.) Oliv., 232, 239 

M. euchrestifolia Hayata, 232, 238-239 

M. glabra (Guill.) Swing., 232, 239-240 

M. gleniei Thwaites ex Oliv., 232, 234 

M. Losnigi (L). Spreng., 232, 236, 237, 238, 239 

M. microphylla (Merr. & Chun) Swing., 232, 237-238 

M. paniculata (L.) Jack, 232-233, 242 

M. paniculata var. omphalocarpa (Hay.) Tan., 234 

M. paniculata var. ovatifoliolata Engl., 233-234 

M. paniculata var. zollingeri Tan., 234 

M. siamensis Craib, 232, 238 

M. stenocarpa (Drake) Swing., 232, 240 

Murtera orange, 130, 473 

Muscio mandarin, 523 

Mustoe, W. R., 408 

Myrtle-leaf orange, 494; see also Citrus aurantium var. myrtifolia 
and Sour orange 
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Sa mandarin, 523 

Nagahashi Unshd mandarin, 505 

Nagami kumquat, 580, 581-582 

Nagpur mandarin, 147, 148, 438-439, 520; see also Ponkan man- 
darin 

Nakamura, N., 337 

Nakorn pummcelo. See Kao Pan pummelo 

Nankan No. 4 mandarin, 504 

Nanshddaidai orange, 378, 493; see also Sour orange 

Naples, Italy, 5, 6, 

Naringin, 383, 384 

Naranj. See Sour orange, and Arabs 

Narrow-leaf box-orange. See Severinia linearis 

Naruto sour orange, 493 

Natal orange, 448-449 

Natal Tightskin mandarin. See Naartje mandarin 

Natsudaidai, hybrid, 360, 382, 549 

Navel orange: countries grown in: Arizona, 77, Argentina, 156, 
Australia, 175, Brazil, 162, California, 66, 70, 79-81 passim, 
Florida, 84, 85, Greece, 96, Japan, 148, 150, Lebanon, 116, 
Morocco, 121, Peru, 167, South Africa, 180, 186, Spain, 126, 
United States, 69, Venezuela, 172; history of, 477, 479; horti- 
cultural characters, 477-479; classification, 431; varieties, 479— 
489; juice characteristics, Chile, 166, South Africa, 187, United 
States, 74; production, world, 479; see also Thomson navel or- 
ange, Washington navel orange 

Navel Tardia navel orange. See Navelate naval orange 

Navelate navel orange, 446-487 

Navelencia navel orange, 457 

Navelina navel orange, 482 

Near-Citrus Fruit Trees. See Citrinae (Atalantia and Citropsis) 

Necked orange. See Som-Chuk mandarin 
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Neiha kumquat. See Meiwa kumquat 

Nelson, E. K., 381 

Nelspruit, South Africa, 184 

Neophyosis, 360-361 

Nepali Oblong lemon, 567-568 

Neroli oil, 375; see also Essential oils 

New Guinea wild lime. See Microcitrus warburgiana 

New South Wales, Australia, 18, 482, 514, 515, 516, 550; see also 
Australia 

New Smyrna, Florida, 19, 21 

New Zealand: citrus industry in, 42-43, 177, 178-180, 456, 458, 
461, 550, 551; imports of fresh fruit, 71, 177, 178 

New Zealand taper rat hybrid. See Poorman Orange, hybrid. 

Newhall navel orange, 487 

Nicholson, D. J., 486 

Nigeria, citrus industry in, 48 

De cae powder-flask fruit. See Afraegle paniculata 

Nilgiri atalantia. See Atalantia wightii 

Ninpo kumquat. See Meiwa kumquat 

Nippon orangequat, 336, 583 

Nippur, Babylonia, 2, 3 

Norris orange. See Hamlin orange 

North Borneo orangeaster. See Pleiospermium latialatum 

Norwood, Richard, 13n. 

Nostrale Liscio orange. See Biondo Comune orange 

Nova mandarin, 518 

Nuevo Leon, Mexico, 58, 60-61, 62 

Nugget navel orange, 487 

Nurseries, and introduction of citrus varieties, 447, 450, 454, 455, 
459, 462, 475, 481, 483, 484, 486, 487, 488, 511, 513, 520, 522, 
527, 542, 544, 545, 546, 547, 564, 566, 578, 586; see also Citrus 
Research Center and Agricultural Experiment Center, Univ. of 
Calif. 
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Oberholzer navel orange, 482 

Oasis orange. See Casa Grande orange 

Ogami pummelo, 538 

Okitsu mandarin, 503 

Oklawaha orange, 377. See also Sour orange 

Old San Bernardino, Calif., 25, 27 

Olinda Valencia orange, 461 

Oliver, Daniel, 191-192; on Citrus, 359, 420; on Micromelum, 
197; species descriptions of, 202-203, 216, 225, 226, 229, 268, 
270 

Omana Jaffa orange, 461; see also Jafta orange, Shamouti orange 

Oneco mandarin. See Ponkan mandarin 

Oom Louis orange, 461 

Oppenheim, J. D., 452 

Orange: auction prices, U.S., 69, 70, 87; fruit characters, 433-434; 
history of, 1-3, 6, 9-11, 14-23, 27; horticultural characters, 
441-533; classification, 431-432; varieties (bergamot oranges), 
494-496 (blood oranges), 470-477 (mandarins), 496-533 (myr- 
tle-leaf oranges), 494-496 (navel oranges), 477-489 (sour or- 
anges), 489-494 (sugar oranges), 464-470 (sweet oranges), 442— 
464; industry: Algeria, 89, Arizona, 77, Argentina, 153, 155— 
157, Australia, 173, 175, Brazil, 158, 160-163, British Hon- 
duras, 53-55, California, 79-80, 82, Chile, 164, 166, China and 
Taiwan, 142, 143, 145, Colombia, 172, Corsica, 139, Cyprus, 
93, Egypt, 95, 96, Florida, 83-87, Greece, 96-100, India, 146, 
Israel, 101-104, Italy, 106, 108-111, Jamaica, 55-57, Japan, 
148, Lebanon, 116-118, Mexico, 57-62, Morocco, 118-121, 
Mozambique, 177, New Zealand, 177, Pakistan, 152, Paraguay, 
167, Peru, 167, 168, Philippines, 153, Portugal, 123, South 
Africa, 180, 182, 186, 187, Southern Rhodesia, 187, Spain, 123— 
128, 131, Surinam, 168, 170, Swaziland, 188, Syria, 131, Texas, 
88, Trinidad, 62, Tunisia, 132, Turkey, 133, 135, U.S.S.R., 136, 
138, United States, 64-75, Uruguay, 171, Venezuela, 172; 
juice characteristics: Arizona, 74, Argentina, 158, Australia, 
176, Brazil, 163, California, 74, China and Taiwan, 144, 
Florida, 74, Greece, 99, Israel, 103, Italy, 113, Mexico, 60, 
Morocco, 122, South Africa, 187, Spain, 130, Texas, 74, Tu- 
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nisia, 132, United States, 73, 74; processing and production: Al- 
geria, 47, 93, Arizona, 68, Argentina, 47, 157-158, Australia, 
47, 175, Brazil, 47, 163, British Honduras, 54, 55, California, 
68, 82, Chile, 166, Cyprus, 47, 93, 94, Egypt, 96, Florida, 68, 
86-87, Greece, 47, 100, India, 148, Israel, 47, 105, 106, Italy, 
47, 112, 115, Jamaica, 56, Japan, 151, Lebanon, 118, Malaya, 
151, Mexico, 47, 58, 62, Morocco, 47, 122, New Zealand, 177, 
South Africa, 47, 186, 187, Southem Rhodesia, 47, Spain, 47, 
130, 131, Texas, 68, 90, Trinidad, 62, United States, 47, 65, 67, 
68, 72-75, Venezuela, 172, world, 47, 48-49; subfamily, gen- 
eral account of, 190-191, 194-196, 248n., 280; key to ie. 
196; list of tribes, subtribes, groups, and genera, 195-196; 
position of, in Rutaceae, 193-194; retrospect and_ prospect, 
420-421; taxonomic works on, principal, 191-193; see also 
Blooming period, Byproducts, Citriculture, Citrus L., Man- 
darin orange, Navel orange, Rootstocks, Sour orange, Sweet 
orange, Valencia orange 

Orange de Nice orange. See De Nice orange 

Orange Double navel orange. See Bourouhaine navel orange 

Orange du Bey navel orange. See Bourouhaine navel orange 

Orange Hower oxanthera. See Oxanthera aurantium 

Orange groves, famous early, Fla., 20-22 

Orange jassamine. See Murraya paniculata and M. gleniei 

Orangeasters. See Pleisopermium 

Orangelo, hybrid, 548 

Orangequat, hybrid, 336, 583 

Oranger des Baleares orange. See Fuya Menuda orange 

Oranger de Soller orange. See Fuya Meduda orange 

Orangeries, 13, 14, 18, 376 

Orero orange. See Cadenera orange 

Orient (Far East), citrus industry in, 139-153 

Original navel orange. See Washington navel orange 

Orlando tangelo, 80, 498, 528, 529 

Oroville, Calif., 28, 29 

Ortanique tangor, 55, 518 

Osceola mandarin, 519 

Osmocitroides (subsection of Aurantium) [Tanaka's], 366 

Osmocitrus (section of Metacitrus) | Tanaka's], 366 

Otaheite Rangpur lime, 373, 532-533 

Oval kumquat. See Fortunella margarita and Nagami kumquat 

Oval Sangre orange. See Doblefina orange 

Ovale orange, 109 

Ovaletto di Calatafimi orange, 461 

Ovaletto Sanguigno orange, 476 

Oviedo y Valdez, Gonzalo Fernandez de, 16 

Owari Satsuma mandarin, 361, 502, 504, 505; see also Satsuma 
mandarin 

Owens, J. B., 449 
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Pandan Bener pummelo, 538 

Pandam Wangi pummelo, 538 

Pani-jamir lemon, 568 

Papeda (subgenus of Citrus): general characteristics, 326, 327, 
358, 369, 370, 386-388; hybrids of, 389-392, 397-398, 401; 
key to sections and species, 387; sections of, 386, 388, 392-393; 
species, 388-389, 393-401 

Papeda (section of Archicitrus) [Tanaka’s], 364 

Papeda (section of Papeda), 364, 392-393 

Papedocitrus (section of Papeda), 386, 387, 388; hybrids, 389- 
392; species, 388-389, 392 

Paperrind St. Michael orange, 28, 462 

Papua, 153 

Papualimo (subgenus of Wenzelia: Minor Citroid Fruit Trees), 
247, 248, 249, 252; species, 249-251; see also Wenzelia 

Paraguay, citrus industry in, 42-43, 154, 166-167 

Paraguay orange, 376; see also Sour orange 

Paramignya Wight (genus: Minor Citroid Fruit Trees): distribu- 
tion, 270, 271-272; general characteristics, 243, 244, 264-266 
passim, 270, 272, 276, 278, 283, 405; key to species, 271-272; 
species, 272-278, doubtful, 278-279 

P. andamanica (King) Tan., 270, 271, 275-276 

P. armata (Thwaites) Oliv., 271, 274, 276 

P. beddomei Tan., 271, 274 

P. brassii. See Triphasia brassti 

P. citrifolia (Roxb.) Oliv., 271, 274 

P. confertifolia Swing., 270, 271, 277-278 

P. cuspidata (Ridl.) Swing., 270, 271, 278 

P. grandiflora Oliv., 271, 275 

P. griffithii Guill., 273 

P. beta Burkill, 270, 271, 278-279 

P. longipedunculata Merr., 270, 272, 276 

P. mindanaensis Merr., 272, 276 

P. monophylla Wight, 271, 272, 275, 276 

P. rectispinosa Craib, 270, 271, 277, 278 

P. patel (Griff.) Craib, 271, 272, 273 

P. scandens subsp. hispida (Pierre) Swing., 21, 273-274 

P. scandens subsp. ridleyi (Burkill) Swing., 271, 273 

P. surasiana Craib, 270, 271, 276-277, 278 

P. trimera (Oliv.) Burkill, 270, 272, 279 

Parent navel orange. See Washington navel orange 

Parker mandarin, 523 

Parkinson, C. E., species descriptions of, 275 

Parson Brown orange, 84, 85, 446, 449 

Partin, Clay S., 458 

Partin Delicious orange. See Delicious orange 

Pat Nebu lemon. See Nepali Oblong lemon 

Paterno orange. See Sanguinello Moscato orange 


Oxanthera Montrouzier (genus: Minor Citroid Fruit Trees): dis- » Paterson orange, 4¢ 
tribution, 254; general characteristics, 243, 244, 245, 254-255; C-_PearLtangelo; 547 


key to species, 255; species, 254-258 
O. aurantium Tan., 244, 255-256 
O. fragrans Montr., 244, 255, 263 
O. neo-caledonica (Guill.) Tan., 244, 255, 257-258 
O. undulata (Guill.) Swing., 255, 256-257 
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Pachappa Orange Grower's Association, 34 

Page tangelo, 519-520 

Pajarita orange, 462 

Pakistan: citrus industry in, 42-43, 152-153, 471, 472, 516 

Palestine, 3, 4, 7,9, 12, 13; see also Israel 

Palestine sweet lime. See Indian sweet lime 

Palladius, Rutilius Taurus Aemilianus, 5 

Pallas, Salustiano, 451 

Pamburus Swingle (genus: Minor Citroid Fruit Trees): distribu- 
tion, 262; general characteristics, 243, 244, 245, 259, 262, 272, 
297 

P. missionis (Wt.) Swingle, 263-264 

Panache bitter orange. See Variegated bitter orange 

Panama, citrus industry in, 42-43, 64 
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Pedro Vevrat orange. See Doublefine Ameliorée orange 

Peel, citrus, 118, 131, 176, 375, 553-554; in brine, 112, 131, 176, 
187, 553 

Penzig, O., 206, 411n. 

Pera orange, 155, 160, 163, 448, 449, 460 

Peret orange, 462 

Perry orange, 462 

Perrine lemonine, 373, 579 

Persia, 2, 3, 5, 7,9, 12 

Persian apple. See Citron, history of 

Persian lime, 85, 156, 363, 575; see also Tahiti lime and Bearss 
lime 

Peru, 17; citrus industry in, 42-43, 167-168 

Pests, citrus: control of, 61, 78, 81, 127, 166, 170; illustrated, 32; 
in various countries: Algeria, 92, Arizona, 78-79, Argentina, 
157, 158, Australia, 175, Brazil, 161, British Honduras, 55, Cali- 
fornia, 81-82, Ceylon, 140, Chile, 166, China and Taiwan, 145, 
Congo, Rep. of, 308, Cyprus, 94, Egypt, 96, Florida, 86, 
Greece, 100, India, 148, Israel, 103-104, Italy, 109, Jamaica, 
57, Japan, 150, Lebanon, 116, Malaya, 152, Mexico, 61, Moroc- 
co, 121, Pakistan, 152-153, Paraguay, 167, Peru, 168, South 
Africa, 184, Spain, 127, Surinam, 170, Syria, 132, Texas, 89, 
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Trinidad, 64, Tunisia, 133, Turkey, 134, U.S.S.R., 138, Uru- 
guay, 171, Yugoslavia, 138-139 

Petite bergamoto. See Pissola bergamot 

Petite Jaffa orange. See Maltaise Blonde orange 

Phelps citrange, 348 

Philippine box-orange. See Severinia disticha 

Philippine tabog or Swinglea. See Swinglea Merrill 

Philippine wenzelia. See Wenzelia brevipes 

Philippines, Republic of the: citrus industry in, 71, 153 

Phillip, Captain Arthur, 18 

Phillippe, Don, 19-20, 541 

Phoenix, Arizona, 74, 75, 77, 78 

Piccola bergamot, 496 

Pigmented grapefruit varieties, 543-546; see also Grapefruit 

Pigmented oranges. See Blood oranges 

Pina tangelo, 547 

Pineapple orange, 84, 85, 446, 449-450, 460, 462; juice charac- 
teristics, Spain, 130, United States, 74 

Pink Marsh grapefruit. See Thompson grapefruit 

Pinnate leaves: in Citreae, 242-243, 299; in Citropsis, 242, 282, 
299, 301, 302, 303, 313; in Clausena, 209, 227; in Clauseneae, 
196; in Feronia, 242, 402, 416; in Feroniella, 242, 402, 418; in 
Hesperethusa, 242, 282, 299; in Micromelinae, 197; in Micro- 
melum, 197, 200-205 passim; in Murraya, 231-234 passim, 
237, 239 

Piptostylis (genus), 210 

Piralima orange, 470 

Pixie mandarin, 524 

Plaquemines orange, 462 

Pleisopermium (Engl.) Swing. (genus: Primitive Citrus Fruit 
Trees): distribution, 290; general characteristics, 280-283 pas- 
sim, 290-291, 300, 302, 310-311, 405; key to species, 291; 
species, 291-294 

FP. data (Wt. & Am.) Swing., 291 

P. dubium (BI.) Swing., 290, 291-292 

P. latialatum Swing., 290, 291, 293-294 

P. longisepalum Swing., 290, 291, 293, 294 

P. sumatranum Swing., 290, 291, 292-293 

Pliny, 5 

Poiret, J. L. M., species descriptions of, 284-285 

Poiteau, A., 359 

Polk, G. L., 578 

Polyembryony, 33, 440; see also Embryos, nucellar 

Polyphoros (group) lemons, 98 

Pompeii, Italy, 6 

Poncire citron, 555 

Poncirus Raf. (genus: True Citrus Fruit Trees): distribution, 344; 
flavonoids, 368; general characteristics, 191, 242, 243, 282, 
290, 326-328, 344, 346; hybrids, 347-349, 586-588 

P. trifoliata (L.) Raf., 314, 337, 345, 346-347, 368, 408, 584 

P. trifoliata var. monstrosa (T. Ito) Swing., 347 

Pond lime, 578 

Ponderosa lemon, hybrid, 368, 557; see also Lemon, hybrids of 

Ponkan mandarin, 142, 143-144, 160, 363, 519, 520-521 

Poorman Orange, hybrid, 550-551 

Pope, F. W., 450 

Pope Summer orange, 84, 85, 450 

Portugal: citrus industry in, 42-43, 122-123, 522; and history of 
citrus, 10, 11, 17 

Portugal lemon. See Lisbon lemon 

Portugal orange, 10, 11, 12, 138 

Portugaise orange. See Maltaise Blonde orange, Maltaise San- 
guine orange, Portuguese orange 

Portuguese orange, 92; semi-blood orange, 132; see also Maltaise 
Blonde orange and Maltaise Sanguine orange 

Powder-flask fruit. See Aeglopsis, Afraegle, and Balsamocitrus 

Powell, H. Clark, 450 

Prata orange, 462 

Precoce des Canaries orange. See Cadenera orange 

Precoce de Valence orange. Sce Cadenera orange 

Pre-Englerian, citrus classification, 364-367 

Premier orange, 450 
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Pretoria navel orange, 480, 487 

Price lemon. See Lisbon lemon 

Primitive Citrus Fruit Trees (Citrinae). See Burkillanthus, Hes- 
perethusa, Limnocitrus, Pleiospermium, and Severinia 

Primofiore, bloom of lemon, 108 

Primofiori lemon, 126; see also Mesero lemon 

Prior lemon. See Lisbon lemon 

Procimequat, hybrid, 337-338 

Production figures, citrus: Algeria, 90, 93; Argentina, 153, 155, 
157, 158; Australia, 173; Brazil, 158, 160, 161; British Hon- 
duras, 54; California, 27, 28; Chile, 164, 166; China and Tai- 
wan, 140, 145; Cook Islands, 176; Cyprus, 93; Egypt, 95; 
Florida, 36, 37; Greece, 96, 97, 100; India, 146, 148; Israel, 
101, 104, 105; Italy, 106, 111-113, 115; Jamaica, 55-56; Japan, 
148-149, 150; Lebanon, 166, 167; Malaya, 152; Mexico, 57-58, 
61; Morocco, 118, 120; Mozambique, 177; New Zealand, 177, 
178; Pakistan, 152; Paraguay, 167; Peru, 167; Philippines, 153; 
Portugal, 123; South Africa, 180, 182, 186; Southern Rhodesia, 
187; Spain, 123, 124, 127, 129, 131; Surinam, 170; Swaziland, 
188; Syria, 131; Texas, 30, 37; Trinidad, 62; Tunisia, 132; Tur- 
key, 133, 135; U.S.S.R., 136; United States, 64—72; Uruguay, 
171; Venezuela, 172; world, 40, 42-44, 46-52, 471, 499; Yugo- 
slavia, 138 

Propagation techniques, 31, 145, 147; see also Rootstocks; Seed- 
lings 

Prospect lemon. See Lisbon lemon 

Protocitrus Swing. (subgenus of Fortunella), 328, 332-333, 358; 
species, 333-335 

Pruning, use of: in Chile, 166; Italy, 108; Japan, 150; Lebanon, 
116; Spain, 126-127; Tunisia, 132; United States, 86; see also 
Citriculture 

Pseudoacrumen (subsection of Osmocitrus) [Tanaka’s], 366 

Pseudofortunella (section of Metacitrus) [Tanaka’s], 367 

Puente y Olea, Manuel de la, 15 

Puerto Rico, citrus industry in, 30, 42-43, 64, 548 

Pulp-vesicles: in Atalantia, 293, 297, 301, 315, 316, 325, 326, 327; 
Burkillanthus, 294, 296; Citrinae (only), 279-281, 283, 327; 
Citropsis, 301, 302, 304, 311, 327; Citrus, 326-327, 358, 369, 
381, 383; Clymenia, 326-327, 349, 350; Eremocitrus, 326-327, 
340; Fortunella, 326-327, 328; Hesperathusa, 299-300; Limno- 
citrus, 290, 297; Microcitrus, 326-327, 351-355 passim; Pa- 
peda, 369, 386, 387, 388, 392-393, 395, 398, 400; Pleiosperm- 
ium, 290, 292, 293, 294; Poncirus, 326-327, 344, 346; Pum- 
melos, 535; Rissoa, 315, 316, 324; Severinia, 283, 325 

Pummelo: citriculture, 535; countries grown in: China and Tai- 
wan, 142-144 passim, 360, Malaya, 152, Pakistan, 152, Philip- 
pines, 153, Thailand, 153, U.S.S.R., 138; flavonoids, 368; fruit 
characters, 433-434; history of, 9, 13, 17, 146, 534; horticul- 
tural characters, 533-536; classification, 431, 432; hybrids, 
548-552; varieties, 536-539; as rootstock, 144 


= Q — 
Quarantine, use of, 33, 72, 86, 146 
Quatre Saisons lemon. See Lunario lemon 
Queen orange, 84, 450-451 


= 

Rainfall: in Algeria, 91; Arizona, 77, 78; Argentina, 155; Austra- 
lia, 173—174; Brazil, 160; British Honduras, 53; California, 79, 
80; Ceylon, 139; Chile, 164; China and Taiwan, 142, 143; 
Colombia, 172; Cook Islands, 177; Corsica, 139; Cyprus, 93; 
Egypt, 95; Florida, 84; Greece, 97; India, 146; Israel, 101; 
Italy, 106; Jamaica, 55; Japan, 149; Lebanon, 116; Malaya, 
152; Mexico, 58; Morocco, 118-119; Mozambique, 177; New 
Zealand, 178; Pakistan, 152; Paraguay; 167; Peru, 167; Portu- 
gal, 123; South Africa, 180, 183; Southem Rhodesia, 187; 
Spain, 125; Surinam, 170; Swaziland, 188; Syria, 132; Texas, 
89: Trinidad, 63; Tunisia, 133; Turkey, 133; U.S.S.R., 137 
Uruguay, 171; Venezuela, 172 

Rangpur lime (mandarin-like fruit), 146, 381-382, 532-533; use 
as rootstock, 85, 148, 153, 161 

Real lemon, 126, 568 
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Real orange. See Sucrefia orange 

Red Marsh grapefruit. See Redblush grapefruit 

Red-pulp finger-lime. See Microcitrus australasica var. sanguinea 

Red eeedlen grapefruit, 84, 85, 544 

Red Seedy grapefruit, 85 

Redblush (Ruby) grapefruit, 77, 89, 543, 544, 545 

Redskin mandarin. See Naartje mandarin 

Reece, P. C., 363, 515, 577 

Remote Citroid Fruit Trees. See Clauseninae (Clausena, Glycos- 
mis, Murraya) 

Republic of South Africa. See South Africa, Republic of 

Requena, Manuel, 26 

Research Institute for Citrus and Subtropical Fruits, Nelspruit, 
South Africa, 34 

Richards, A. V., 456 

Ridley, Henry N., 192, 275; on Micromelum pubescens, 199-200; 

ies descriptions of, 223, 241, 242, 273, 278, 279, 332 

Rio Grande Valley, Texas, 30, 75, 88, 89 

Risso, J. A., 359, 377, 441 

Rissoa (Arn.) Swing. (subgenus of Atalantia), 315, 324; species, 
324—325; see also Atalantia 

Rivers, Thomas, 454, 459 

Riverside, Calif., 27-28, 74, 76; see also Citrus Research Center 
and Agricultural Experiment Station, Univ. of Calif. 

Riverside navel orange, 487; see also Washington navel orange 

Robertson navel orange, 482-483 

Robinhood orange, 462-463 

Robinson tangerine-tangelo, 85, 521 

ra Oval orange. See Doblefina orange 

Rolfs, P. H., 34 

Rolleston Nursery, 513 

Romans, and spread of citrus, 6, 553 

‘Rome, Italy, 5, 6, 372 

Rootstock: effect on horticultural characters, 439, 461, 498; use 
of, by country: Algeria, 92, Arizona, 78, Argentina, 153, 156, 
Australia, 175, Brazil, 161, 163, British Hon ddtae 55, Califor- 
nia, 80-81, 82, 585-586, 588, Chile, 166, China and Taiwan, 
143, 144, 145, 377, 381, Cyprus, 94, Egypt, 96, Florida, 20, 85, 
Greece, 98, India, 148, 570, 579, Israel, 102, 579, Italy, 109, 
Japan, 150, 390, 585, Lebanon, 116, Mexico, 61, New Zealand, 
178, Peru, 168, Portugal, 123, South Africa, 182, 187; Southern 
Rhodesia, 187, Spain, 126, Swaziland, 188, Texas, 89, Tunisia, 
132, Turkey, 134, U.S.S.R., 138; use of Citropsis gilletiana, 
302, 308; of Citrus aurantium L., 490; of Citrus macroptera, 
397, hybrids, 397; of Clausena lansium, 211, 218; of Eremo- 
citrus glauca, 263, 342; of Feronia limonia, 417; of Limnocit- 
rus, 299; of Merope, 299; of Oxanthera fragrans, 263; of Pam- 
burus missionis, 263; of Poncirus hybrids, 347, 585-586; of 
Rangpur lime, 531, 532-533; of Severinia, 283, 285-286; of 
Swinglea, 404-406 

Rosenberger lemon, 565, 568 

Ross lemon, 562, 568 

Rough lemon, 9, 19, 218, 373, 571-572; as rootstock, 75, 76, 78, 
80, 85, 148, 153, 176, 182, 187, 188, 439, 498, 572 

Round kumquat. See Fortunella japonica 

Roxburgh, W., 315-318 passim, 408; species descriptions of, 274— 
275 

Royal grapefruit, 546 

Royal Palms Nurseries, 544, 545, 546 

Rubidoux trifoliate orange, 585, 586 

Ruby orange, 84, 473-474 

Ruby Red grapefruit, juice characteristics, 122 

Ruggieri, G., 375, 376 

Rumphius, G. E. R., 374, 393, 394, 401 

Rusk citrange, 586, 587 

Rustenburg navel orange, 487 

Rutaceae, 191, 212, 280; position of orange subfamily in, 193- 
194 

Ruvittaru lemon. See Femminello Ovale lemon 
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= Ges 

SACOS program, 110 

Saasli lemon. See Asaasli lemon 

Saasli orange, 476-477 

Sacaton citrumelo, 347 

Sakhesli lime, 578 

St. Michael orange. See Paperrind orange 

Sakosli lemon. See Asaasli ey 

Salerno, Italy, 6 

Salustiana orange, 451 

Sampson tangelo, 528, 547 

Samuyao. See Citrus micrantha var. microcarpa 

San Diego, Calif., 24, 74, 76 

San Jacinto tangelo, 529 

San Miguel orange. See Paperrind orange 

Sanbé sour orange, 493-494 

Sanchez, Father Francisco Miguel, 25 

Sanford, H. S., 446, 461, 566 

Sanford citrange, 348 

Sanguigna Oval orange. See Doblefina orange 

Sanguigno Doppio orange, 476, 477 

Sanguigno mandarin, 524 

Sanguigno Semplice orange, 474 

Sanguigno Zuccherino orange, 477 

Sanguinella Negra orange. See Spanish Sanguinelli orange 

Sanguinello orange, 108, 113, 126 : 

Sanguinello Comune orange, 471, 474 

Sanguinello Moscato orange, 467, 473, 474, 475 

Sankuru cherry-orange. See Citropsis gabunensis var. lacourtiana 

Santa Elena (Parris Island, S. Car.), 18 

Santa Teresa lemon, 568 

Santiago, A., 363 

Sarah orange, 471 

Sardinia, Italy, 5, 6, 7 

Satellite species, defined, 373n.; of lemon, 373 

Sathgudi eee 451 

Satsuma mandarins: classification of, 363; countries grown in: Cy- 
prus, 94, Japan, 148-151 passim, Lebanon, 116, Turkey, 134, 
U.S.S.R., 136, 138, United States, 30, 80, 88; history, 360; 
horticultural characters, 497-505; classification, 432; juice 
characteristics, 130, 144; see also Mandarin orange 

Satsumelo, hybrid, 368 

Saunders, William O., 484, 585 

Scarlet mandarin, 524 

Schroeder, C. A., 368 

Seedless Valencia orange, 463 

Seedlings: sweet orange, 1, 20, 21, 26, 27, 28, 61, 168, 173; 
nucellar, 360-361, 378, 543, 544, 545 

Seedy lime, 363 

Seemann, Berthold, 397 

i Sonat hybrid, 348 

Sekkan orange, 142, 143 

Seleta orange, 451 

Seminole tangelo, 529 

Serrana orange, 470 

Severinia Tenore (genus: Primitive Citrus Fruit Trees): distribu- 
tion, 283; general characteristics, 280, 281, 282, 283, 405, 420; 
key to species, 284; species, 284-289; of uncertain relation- 
ships, 289 

S. buxifolia (Poir.) Tenore, 283, 284-286, 289, 326; brachytic 
form, 286-287 

S. disticha (Blanco) Swing., 283, 284, 287, 288, 425 

S. lauterbuchti Swing., 259, 283, 284, 289 

S. linearis (Blanco) Swing., 284, 287-288 

S. paniculata (Warb.) Swing., 284, 288 

S. retusa (Merr.) Swing., 284, 288-289 

Sevillano bitter orange, 490 

Seville orange. See Sour orange 

Shaddock, Captain, 13, 534; see also Chaddock, Captain Thomas 

Shaddock. See Pummelo 

Shambar grapefruit, 546 
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Shamouti orange: countries grown in: Algeria, 92, Cyprus, 93, 94, 
Egypt, 95, Israel, 52, 101, 102, 103, Lebanon, 116, Turkey, 
133; horticultural characters, 451-453, 471, 476; related varie- 
ties, 447, 460 

Shamouti Maouardi orange, 471 

Shamouti Masry orange, 447, 453 

Shamouti Meski orange, 470 

Shangyuan. See Ichang lemon and Citrus ichangensis 

Sharp, G. G. R., 530 

Shary Red grapefruit, 75 

Shekwasha, hybrid, 386 

Shiu Iu-nin, 8 

Siamese Pink pummelo, 538 

Siamese pummelo. See Kao Phuang pummelo 

Siamese Sweet pummelo, 539 

Sicilian citron. See Diamonte citron 

Sicilian lemon, 76 

Sicily, Italy: citrus industry in, 106, 108, 109, 110, 115; and his- 
tory of citrus, 7, 10, 12; varieties grown in, 461, 474, 474, 475, 
509, 560, 567; see also Italy 

Sierra Leone cherry-orange. See Citropsis tanakae 

Siletta orange. See Seleta orange 

Silverhill mandarin, 361, 502, 504-505 

Sinensiodes (subsection of Aurantium) [Tanaka's], 365 

Singh, D., 368 

Sinton citrangequat, hybrid, 339, 584 

Siracusa lemon. Sce Femminello Sfusato lemon 

Sirag-el-Din, Ahmed, 2 

Sloane, Hans, 13 

Small (Dwarf) Chinotto orange, 494, 495 

Small-flowered papeda. See Citrus micrantha 

Small-fruited acid limes, 575 

Small-fruited mandarin, 524-526; see also Mandarin orange 

Small-fruited papeda. See Citrus micrantha var. microcarpa 

Small-leaved murraya. See Murraya microphylla 

Smith, A., 458 

Smith, J. Ward, 517 

Smith mandarin. See Murcott mandarin 

Smooth Seville orange, hybrid, 551 

Soils: types of: Algeria, 91, Arizona, 77, 78, Argentina, 155, 156, 
157, Australia, 175, California, 79, Ceylon, 140, Chile, 164, 
China and Taiwan, 144, Cook Islands, 176, Egypt, 95, Florida, 
83-84, 411, 418, Greece, 100, Isracl, 101-102, Italy, 109, Mo- 
rocco, 120, New Zealand, 178, Peru, 167, Portugal, 123, South 
Africa, 182, 184, Spain, 126, Tunisia, 132, U.S.S.R., 138; and 
horticultural characters, effect on, 439 

Solid Scarlet mandarin. See Burgess mandarin 

Som-Chuk mandarin, 524 

Somers Islands (Bermudas), 13n. 

Sour lime, 146, 147 

Sour mandarin. See Citrus reticulata var. austera, C. sunki, and 
Mandarin 

Sour orange: countries grown in: Arizona, 78, China and Taiwan, 
143, 144, Congo, Rep. of, 308, India, 147-148, Jamaica, 55, 
Lebanon, 116, 118, Portugal, 123, Spain, 123, 490, Tunisia, 
132; distinguished from sweet orange, 375-376, 379, 489; 
ethereal oil of, 375; history of, 1, 6-9, 10, 15, 18, 19; horticul- 
tural characters, 489-490, classification, 431-432; groups, 490— 
491; varieties, 491-494; hybrids, 378, 492-494, 495; use as 
rootstock, various countries, 20, 55, 61, 75, 76, 78, 80, 85, 89, 
92, 94, 98, 102, 109, 116, 123, 126, 132, 134, 138, 145, 153, 
166, 168, 171, 377, 490, 498; varieties and mutations, 376-378; 
see also Citrus aurantium L. and Myrtle-leaf orange 

South Atrica, Republic of, citrus industry in: acreage, 180; citri- 
culture, 152-154: climate, 180, 182; distribution, 140, 181; 
marketing, 185-156. pests and diseases, 154-155; processing, 
1SG6, production, 42-43, 47, 45. 51, 52, 180, 182, 186: varieties 
grown, TS2, 445, 446-447, 450, 456, 457, 458, 460-162, 475, 
452, 486, 487, 545, 546 

South Atrican Cooperative Citrus Exchange, Ltd., 177, 185, 187, 
18S 

South America, citrus industry in, 153-172 
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South Carolina, 18 

Southern Hemisphere, citrus industry in, 173-188 

Southern Rhodesia, 9; citrus industry in, 42-43, 47, 187-188 

Spain, citrus industry in: acreage, 123, 125; citriculture, 126— 
127; climate, 125; distribution, 123, 125; marketing, 127-129; 
pests and diseases, 123, 126, 127; processing, 130-131; pro- 
duction, 42-43, 47, 50, 51, 52, 123, 124, 127, 129, 131, 490. 
varieties grown, 92, 125-126, 444-445, 447, 451, 457, 462, 464, 
469, 471, 482, 561; and history of citrus, 7, 9, 13-18, 30, 123 

Spalding, William, 25-26 

Spanish Berna (Verna) orange, 92, 119, 120, 126, 443-444, 462; 
juice characteristics, Spain, 130 

Spanish Export Control Service, 128 

Spanish Fruit Syndicate, 128 

Spanish Sanguinelli orange, 468, 471, 472, 474 

Speciale lemon. See Interdonato lemon 

Spotseed-lime. See Monanthocitrus Tan. 

State (Calif.) Agricultural Society, 28-29, 33 

Stebbins, G. L., Jr., 361-362 

Stemp mandarin, 524 

Strains, defined, 440 

Strasburger, E., 360 

Strong lemon. See Lisbon lemon 

Subtropical Laboratory, Eustis, Fla., 34 

Succari orange, 469 

Sucrena orange, 465, 469 

Sudachi, hybrid, 368 

Sugar oranges: horticultural classification of, 464; varieties, 464— 
470; see also Orange 

Sugiyama mandarin, 504, 505 

Sukkari orange. See Succari orange 

Sumatra orangeaster. See Pleiospermium sumatranum 

Summer oranges (Natsudaidai), 148, 150 

Summerfield navel orange, 487-488 

Summerfield Nursery Company, Fla., 488 

Summernavel navel orange, 488 

Sundays River, South Africa, 184 

Sunkat mandarin, 525 


Sunkist Growers, Inc., 82 
Sunrise tangelo. See K-Early tangelo 
Sunshine tangelo, 547 


Surinam, citrus industry in, 42-43, 51, 168-171 

Surprise navel orange, 488 

Suwanee tangelo, 530 

Suzuki navel orange, 488 

Swamp-orange. See Limnocitrus Swing., and L. littoralis 

Swaziland, citrus industry in, 42-43, 188 

Sweet lime, 95, 116, 118; Indian, 146, 148; used as rootstock, 94, 
96, 102, 116, 153, 161 

Sweet orange: distinguished from sour orange, 375-376, 379, 
489; Havonoids, 368; history of, 1, 2, 9-11, 15-17, 146, 375, 
380, 441-442, in United States, 18-22, 24-29: horticultural 
classification of, 431; hybrids of, 380; production, world, 42, 
44, 46, 51, 52, 442; use as rootstock, 76, 80, 85, 102, 123, 126, 
145, 153, 161, 167, 175, 176, 184, 187, 188; see also Citrus in- 
dustry, Citrus sinensis, and Orange 

Swingle, W. T., 34, 211, 240, 287, 403n.; and classification, 362, 
363, 364-367, 368, 379, 499, 500, 509, 531, 556, 580, 583, 586: 
and hybridization, 330, 339, 342, 347, 350, 359, 362, 363, 504, 
927, 528, 529, 530, 547, 587; species descriptions of, 228, 229, 
240-241, 242, 247-249, 250, 253, 256, 263, 267, 298-299, 305, 
325, 404, 411, 581 

Swinglea Merrill (genus: Hard-Shelled Citroid Fruit Trees), 240, 
241, 265, 294-295, 401, 403-404 

S. glutinosa (Blanco) Merr., 295, 402, 403, 404-406 

Sydney, Australia, Botanic Gardens, 18 

Sydney, hybrid, 355 

Svlvaticus of Mantua, 9 

Syria, citrus industry in, 42-43, 131-132 
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a, oe 

Tabog. See Swinglea glutinosa 

Tabog group (of Balsamocitrinae: Hard-Shelled Citroid) Fruit 
Trees), 401, 403; genera and species, 403-406 

Tachibana orange. See Citrus tachibana 

Tahiti, 28, 538 

Tahiti lime, 76, 374, 574, 577; see also Citrus aurantifolia and 
Lime 

Tahitian pummelo, 537-538 

Tai-tai orange. See Daidai orange 

Taiwan. See China and Taiwan 

Tajima, hybrid. See Natsudaidai, hybrid 

Talbot, W. A., species description of, 219 

Tanaka, Tydzaburo, 8, 192, 211, 372, 390; classification: Atalan- 
tia, 322, Citrus, 350, 360-367, 373, 378, 391, 399, 441, Clau- 
sena, 224, Glycosmis, 207, kuamquat, 583, Lucunga, 268, man- 
darin, 499-500, 505, 506, 508, 509, 511, 513, 520, 521, 523- 
526, 531, Micromelum, 201, 205, Murraya, 232, Paramignya, 
274, 276; on sour orange as rootstock, 377-378: species de- 
scriptions of, 200, 204, 220, 222, 223, 225, 226, 228, 234, 239, 
240, 255, 256, 258, 262, 267, 268, 279, 321, 332, 335, 350, 378, 
384, 385, 386, 399, 418 

Tange navel orange, 488 

Tangera mandarin. See Carvalhais mandarin 

Tangelo, hybrid, 34, 360, 375, 382, 498; grown in, Arizona, 77, 
78, California, 80, Florida, 83, 85, 86, Jamaica, 55; production, 
world, 499; varieties, 527-531, 547-548 

Tangerine, hybrid: grown in: Arizona, 78, California, 80, Florida, 
68, 83, 86, 499, Greece, 96, 97, Italy, 109, 114, 116, Lebanon, 
116, 118, Syria, 131, Uruguay, 171; horticultural classification 
of, 496-497; see also Mandarin orange 

Tangor, hybrid, 380, 382, 489, 526-527 

Tanikawa buntan pummelo, 537 

Tanikawa Unshii mandarin, 505 

Tankan mandarin, 142, 143, 521 

Tarocco orange, 108, 113, 468, 471, 474-475 

Tarocco Liscio orange, 475 

Tavares limequat, hybrid, 336, 579-580 

Taxonomic works, principal, 191-193 

Teague, R. M., Nurseries, Calif., 486, 487, 586 

Tcijsmann, J. S., and S. Binnendijk, species description of, 298 

Telfair citrangequat, hybrid, 339, 584 

Temple mandarin, 66, 85, 86, 94, 382, 498, 499, 526, 527; see ulso 
Mandarin orange 

Tenerife orange, 463, 465 

Terracing, use of, 109, 144, 183 

Tetraploid Calamondin, 337; see also Calamondin 

Tetraploid state, in Citrus, 333; in Fortunella hindsii, 333 

Texas, citrus industry in, 66, 69, 70, 88-90; introduction of citrus 
in, 30; production, 30, 37, 66, 68; varieties grown, 89, 446, 448 

Texas navel orange, 488 

Thailand, citrus industry in, 153, 536, 537 

Theophrastus, 1, 2, 5, 371 

Thomas, Bartram, 371 

Thomasville citrangequat, hybrid, 339, 584 

Thompson grapefruit, 84, 85, 543, 544, 545; see also Grapefruit 

Thomson navel orange, 92; 119, 164, 483; see also Navel orange 

Thong Dee pummelo, 538-539 

Thornton lemon. See Eureka lemon 

Thornton tangelo, hybrid, 530 

Thunberg, C. P., species description of, 331-332 

Thwaites, G. H. K., species descriptions of, 274, 324 

Tibbets, L. C., 484 

Tibbets navel orange. See Washington navel orange 

Tien Cheng orange, 142, 143 

Tillson, Albert H., 196, 243, 369, 387 

Timkat mandarin, 525 

Tison, E. H., 542 

Tolkowsky, S., 1-14 passim, 376, 380, 558 

Tomango orange, 475 

Tonkin atalantia. See Atalantia guillaumini 

Top-working: in Florida, 20, 21-22; in Greece, 97; in Spain, 127 
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Torregrosa orange, 463 

Torrend, Fra Camillo, 17 

Torulosa bergamot, 496 

Toxopeus, H. J., 206 

Trabut, L., 329, 509, 510-511 

Trabut orange, 377; see also Sour orange 

Trade, world, in fresh citrus, 50-53; see alyo Exports 

Tree characters: citrus, 436; and climate, 437; and rootstocks, 
439; and soils, 439 

Tree storing, 82, 101, 143, 164; and rootstocks, 439 

Triangle-fruit severinia. See Severinia lauterbachii 

Trifoliate liana-limes. See Lucunga 

Trifoliate limeberry. See Triphasia trifolia 

Trifoliate orange: Chinese variety, 143; flavonoids, 368; horticul- 
tural characters, 584-586; classification, 431, 433; hybrids, 
586-588: ornamentals, 586; use as rootstock, 431, 439, 498, 
585-586, in Algeria, 92, Argentina, 153, Australia, 175, Brazil, 
161, California, 80, China and Taiwan, 143, 144, 145, Florida, 
85, Japan, 150, New Zealand, 178, Spain, 126, Turkey, 134, 
U.S.S.R., 138: see also Poncirus trifoliata 

Trimble tangerine, 361; see also Dancy tangerine 

Trimen, H., 317; species descriptions of, 201-202, 234, 237, 324, 
416 

Trinidad and Tobago, citrus industry in, 42-43, 51, 52, 62-64 

Triphasia Lour. (genus: Minor Citroid Fruit Trees), 243, 244, 245, 
259, 260, 262: key to species, 259, to subgenera, 259; subgenus 
Echinocitrus, 262; abecnoe Triphasia, 260-262; Triphasia 
group, 259 

T. brassii (White) Swing., 259, 262 

T. prandifolia Merrt., 259, 260, 262 

T. trifolia (Burm. f.) P. Wils., 259, 260, 261 

T. trifolia forma tetraploidea, 260 

Triphasiinae (subtribe of Citreae: Minor Citroid Fruit Trees): dis- 
tribution, 244; general characteristics, 195, 243-245, 280, 301; 
groups of genera, 244-245, 249, 252-253, 254-255, 258, 259, 
262, 264-266, 270; key to genera, short, 244; species, 245-279, 
doubtful, 278-279, inadequately known, 251-252, 269-270 

Tristeza: Brazil, 161; Uruguay, 171; see also Diseases 

Triumph grapefruit, 182, 541, 542-543 

Trovita orange, 463 

Troyer citrange, 587-588; used as rootstock, 80, 81, 85, 126 

True Citrus Fruit Trees. See Citrus, Clymenia, Eremocitrus, For- 
tunella, Microcitrus, and Poncirus 

T’u Pén-tsun, 334 

Tuncana orange, 164 

Tunisia: citrus industry in, 42-43, 49, 132-133; varieties grown, 
132, 475, 485, 568 

Turkey, citrus industry in, 42-43, 51, 133-135 

Tzancen-Letaba district, South Africa, 183-184 


Py | eee 

USDA lemon. See Lisbon lemon 

Uganda cherry-orange. See Citropsis schweinfurthii 

Uganda powder-flask fruit. See Balsamocitrus 

Ugli tangelo, hybrid, 55, 528, 530 

Ukumori navel orange, 488-489 

Umatilla tangor, hybrid, 504, 527 

Unifoliate liana-limes. See Paramignya 

Unifoliate limeberry. See Triphasia grandifolia 

Union of Soviet Socialist Republics: citrus industry in, 42-43, 
135-138; imports of fresh fruit, 51, 136, 137 

United Kingdom, 12, 55: imports of citrus, 50, 51, 63, 71, 73, 93 

United States, citrus industry in: acreage, 64-65, 66; auction 
prices, 69, 70; byproduct industry, 65-70, 72-77; citrus con- 
sumption, 65-69; exports, 64, 69, 70, 71, general, 64-77; im- 
ports, fresh fruit, 70, 72; juice characteristics, 73-77; produc- 
tion, 42-43, 46-52 pussim; see also Arizona, California, Florida, 
Texas 

United States Date and Citrus Station, Calif., 342, 343, 344, 515, 
929 

United States Department of Agriculture: census of citrus, Cali- 
fornia, 27, ‘Texas, 30; control of shipments, 82, 86, grade stan- 
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dards, 87; introduction of new varieties and greenhouse care, 
304, 330, 336, 342, 389, 405, 411, 412, 418, 420, 488, 517-521 
passim, 529, 530, 531, 536-539 passim, 547, 578, 580, 583, 586; 
study of diseases, 34, 61 

Uphof, J. C. T., 375 

Unshda mikan. See Satsuma mandarin 

Uruguay, citrus industry in, 42-43, 154, 171-172 


220i =. 
Vaccaro orange, 477 
Vainiglia orange, 469 
Vainiglia Sanguigno orange, 464, 469, 471 
Vajasaneyi samhita, 3 


Valence san Pepins orange. See Cadenera orange 

Valencia orange: auction prices, U.S., 69, 70; clonal selections of, 
459-463; grown in: Algeria, 92, Arizona, 77-79 passim, Argen- 
tina, 156, Australia, 175, British Honduras, 53, 54, California, 
66, 80, 81, Chile, 164, Corsica, 139, Cyprus, 94, Florida, 66, 84, 
85, Israel, 101, 102, Lebanon, 116, Mexico, 58, 60, Morocco, 
119-123 passim, Paraguay, 167, Peru, 167, South Africa, 180, 
182, 186, 187, Spain, 126, Trinidad, 63, 64, Yugoslavia, 138; 
horticultural characters, 1, 436, 437, 453-455; juice character- 
istics: Argentina, 158, Australia, 176, Brazil, 163, Chile, 164, 
Israel, 103, Morocco, 122, South Africa, 187, Spain, 130, 
United States, 74; see also Citrus L., Orange 

Valencia Temprana orange, 463 

Valmont de Bomare, Jacques Christophe, 10 

Van Luven, L., 27 

Vancouver, Captain George, 24-25, 30 

Variant Bitter orange, 491-492; see also Sour orange 

Variegated Sour orange, 492 

Velvety feroniello. See Feroniella pubescens 

Venegas, Miguel, 24 

Venezuela, citrus industry in, 42-43, 172 

Veracruz, Mexico, 58, 60, 61 

Verdelli, bloom of lemon, 108 

Verdelli process of forced growth, 109, 559, 574 

Vermillion globe sour orange, 377; see also Sour orange 

Verna lemon. See Berna lemon 

Verna orange. See Spanish Berna orange 

Vernia lemon. See Bema lemon 

Very Remote and Remote Citroid Fruit Trees. See Clauseneae 
( Micromelum) 

Vicieda orange, 92, 126, 455 

Vignes, Jean Louis, 26 

Villafranca lemon, 76, 80, 566 

Vitamin P, 372, 380 

Vitry, Jacques de, 9 

Volckamer, J. C., 329 


_ Ww 

Wallent mandarin, 524 

Walters grapefruit, 543 

Wampee, 211; see also Clausena dentata var. dulcis and C. lan- 
sium 

Wang, C., 238 

Warnurco tangerine. See Ponkan mandarin 

Warren navel orange. See Washington navel orange 

Wartmann Nursery Company, Fla., 520 

Wase mandarin, 501, 502—503; see also Satsuma mandarin 

Washington navel orange: auction prices, U.S., 69, 70; and cli- 
mate, 438; grown in: Algeria, 92, Arizona, 77, 78, Argentina, 
155, British Honduras, 54, California, 66, 74, 79-81 passim, 
Chile, 164, Corsica, 139, Florida, 84, Greece, 97, 99, Israel, 
101, 102, Mexico, 60, Morocco, 119, 120, 122, Portugal, 123, 
South Africa, 182, Southem Rhodesia, 187, Spain, 126, 130, 
Turkey, 133, U.S.S.R., 138, Yugoslavia, 138; history, 1, 484, 
$55, in Califomia, 27-28, 479; horticultural characters, 477- 
489 passim; juice characteristics: Australia, 176, Greece, 99, 
Morocco, 122, Spain, 130; nucellar seedlings and budlines of, 
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361, 463, 480-481; see also Citrus L., Orange, Navel orange 
Washington Sangre orange. See Doublefine Ameliorée orange 
Washington Sanguine orange, 92, 119; see also Doublefine Ame- 

liorée orange 
Watt, Sir George, 12 
Watt navel orange, 489 
Wavy-leaf oxanthera. See Oxanthera undulata 
Webber, H. J., 34, 461, 497, 527, 530, 532, 539, 547, 557, 587 
Webber tangelo, hybrid, 530 
Webber's Philippine hybrid, 397 
Wekiwa tangelo, hybrid, 547-548 
Wellton-Mehawk area, Arizona, 77, 78 
Wenzelia Merr. (genus: Minor Citroid Fruit Trees), 243, 244, 

245-246, 248, 252; key to subgenera and species, 247; species, 

246-252, inadequately known, 251-252; subgenus Wenzelia, 

246 
W. archboldiana Swing., 247, 258, 259, 250-251 
W. brevipes Merr., 246, 247 
W. brevipes var. alabatensis Swing., 246-247 
W. dolicho, hylla (Lauterb. & K. Schum.), 247, 251, 252 
W. grandiflora (Lauterb.) Swing., 247, 251-252 
W. kambarae Swing., 247, 248-249 
W. melanesica Swing., 247, 248, 249, 250, 251 
W. paludosa (Lauterb.) Tan., 249-250, 251, 252 
W. platysperma Swing., 247, 249, 250, 251 
W. tenuifolia Swing., 247-248 
Weshart tangerine, 361; see also Dancy tangerine 
West, A. P., 394 
West African cherry-orange. See Citropsts articulata 
West Indian lime, 58, 63, 167, 574, 576 
West Indies, 13, 16, 47, 48, 49, 539 
West Pakistan. See Pakistan 
Wester, P. J., 393, 395, 397, 398; species descriptions of, 393, 394 
Westin orange, 463 
Wheatley lemon. See Eureka lemon 
Wheeny grapefruit, hybrid, 551, 552 
White, C. T., species descriptions of, 262 
White, H. M., BO 
ee R., species descriptions of, 263, 272 
Wilking mandarin, 120, 521 
Willowleaf bitter orange, 492 
Willowleaf mandarin. See Mediterranean mandarin 
Wilson, Don Benito, 27 
Wilson, Don Benito, grove, 26 
Wind, as citrus hazard: in Algeria, 91; Cyprus, 94; Egypt, 95; 

Greece, 97; Italy, 106; Morocco, 119; New Zealand, 178; Spain, 

125; Tunisia, 132; U.S.S.R., 137; see also Hurricanes 
Wolfe, H. S., 363 
Wolfskill, William, 26, 29 
Wonder lemon. See Ponderosa lemon, hybrid 
Wood, C. J., 457 
Wood-Apple group (Balsamocitrinae: Hard-Shelled Citroid Fruit 

Trees), 402, 403, 415; genera, 415-416, 417-418; species, 416— 

420 
Wonder lemon. See Ponderosa lemon 
Workman, C. R., 28 
Workmen navel orange. See Summernavel orange 
Wyk, William van, orchard, 445 


pay Grae 
Xerophytic characters: of Eremocitrus, 254, 255, 263, 328, 339, 
341; of Microcitrus, 254, 263; of Oxanthera, 254, 263; of Pam- 
burus, 263 


_y— 
Y-cutting method (nurse-grafted), 413, 415 
Yalaha tangelo, 530-531 

Yama-mikan orange, 378; see also Sour orange 
Yatsushiro mandarin, 505 

Yonezawa Unshut mandarin, 505 


INDEX 


Yousef Solimon orange, 463-464 

Yugoslavia, citrus ace in, 42-43, 138-139 
Yuhikitsu mandarin, 525 

Yuma, Arizona, 75, 76, 77-78 

Yuzu, hybrid, 382, 388, 389-396; see also Citrus junos 


ey fa 
Zabon. See Hassaku pummelo-mandarin 
Zadaidai bitter orange, 492, 493 
Zairai mandarin, 501-502; see also Satsuma mandarin 
Zebediela Estate, South Africa, 182-183 
Zegzel orange, 464 
Zenker’s cherry-orange. See Citropsis zenkeri 
Ziegler, L. W., and H. S. Wolfe, 460 
Zimmerman, Dr. Edward C., 248-249 
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